REMARKS 

Amendments 

Claims 1-35 have been canceled and claims 36, 42, 44 and 45 have been amended. Upon 
entry of the amendment, claims 36-48 will be pending. Support for the added claims can be 
found in the specification, for example, page 7, lines 25-28; page 19, line 8 through page 2, line 
22; page 52, lines 18-29; page 53, line 1 through page 54, line 5; the Figures; and in the claims as 
originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Specification 

The Examiner has objected to the specification on the basis that the disclosure contains 
improper incorporation of subject matter by reference to U.S non-provisional and provisional 
applications. 

The specification has been amended to update the status of the originally cited 
application references. No new matter has been introduced. 

Rejections 

Rejections under 35 U.S.C § 101 

The Examiner has rejected claims 30-35 because the claimed invention is allegedly not 
supported by either a specific or substantial asserted utility or a well-established utility. 

Applicant respectfiilly traverses the rejection. Amended claim 36 is drawn to a 
transgenic mouse whose genome comprises a null limulus clotting factor protease-like allele. 

L Utility Guidelines 

According to 35 U.S.C. § 101, "[w]hoever invents . . . any new and usefiil . . . 
composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 
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If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial and credible . 



If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 
The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

Longer and subsequent cases direct the Office to presume that a statement of utility made 
by an applicant is true , [citations omitted] . . . Clearly, Office personnel should not begin 
an evaluation of utility by assuming that an asserted utility is likely to be false. 

Compliance with 35 U.S.C. 101 is a question of fact [citations omitted]. Thus, to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, 
Office personnel must establish that it is more likely than not that one of ordinary skill in 
the art would doubt (i.e.. "question") the truth of the statement of utility . ... To do this. 
Office personnel must provide evidence sufficient to show that the statement of asserted 
utility would be considered "false" by a person of ordinary skill in the art. 

(MPEP 2107.02, III(A)(emphasis added). 

Rejections under 35 U.S,C. 101 have been rarely sustained bv federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
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therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, of the absence of a proven animal model for testing the 
effectiveness of drugs for treating a disorder in humans, should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 

(MPEP 2107.02, III(B)(emphasis in original and added). The Guidelines additionally 
provide that: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
a pplicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversing 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. An assertion of utility is presumed to be true . The burden is on the Examiner to show 
that one of ordinary skill would find the asserted utility to be false. The present invention 
satisfies either standard. 

2 Well-Established Utility 

According to 35 U.S.C. § 101, "[w]hoever invents ... any new and useful . . . 

composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial, and credible . 
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Applicant submits that it cannot be reasonably argued, in light of arguments of record, 
that a person of ordinary skill in the art would not immediately appreciate why the invention is 
useful. Examiner notes that "it was scientifically well-known to knock out a gene to determine 
its function or what will happen when the gene is not expressed" (page 8). The Examiner further 
notes that "it is clear from all of the art provided by Applicants that knockout mice are used to 
elucidate gene function" (page 9). Thus, it is not debated that a person of ordinary skill in the art 
would immediately appreciate why the invention is useful: for determining gene function. 

i. Specific 

The Examiner states that the asserted use is not specific (page 12). 

According to the MPEP, "specific utility" means "specific" to the subject matter claimed 
as compared to a "general utility" that would be applicable to the broad class of the invention 
(MPEP 2107.01). Use of the protease-like mouse to study the function of the protease-like 
gene and the association of the protease-like gene with, for example, pain and seizures, is 
specific to this mouse. Even if there were many other genes associated with these phenotypes, 
only a protease-like knockout mouse (as opposed to all other knockout mice) would be used to 
study the specific role of this gene in pain and seizures. The Examiner is respectfully requested 
to explain (1) how the asserted utility of determining the function of the protease-like gene 
would be applicable to all other knockout mice: and (2) how the asserted use of studying the 
association of the protease-like with pain and seizures would be applicable to all other knockout 
mice. 

In addition, the mice within the scope of claim 42 contain a lacZ gene. The Examiner 
acknowledges that this "is a widely used technique to generate mouse knockouts by inserting a 
visible reporter into an endogenous gene" (page 12). However, the Examiner argues that the 
asserted use is not specific and is a general utility that applies to any knockout mouse. 

Applicant strongly disagrees. As noted by the Examiner, and as is well understood in the 
art, the lacZ gene is inserted into the endogenous gene. In this case, the lacZ gene was inserted 
into the locus of the protease-like gene. Expression is driven by the endogenous promoter. 
Expression of the lacZ gene indicates where the protease-like gene is expressed. This use is 
specific for this mouse - knockout mice in general cannot be used for this purpose. The 
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Examiner is requested to explain how all other knockout mice would be used to study expression 
of the lumulus clotting factor protease-like gene . 



4. Substantial 

According to the MPEP, under the section entitled "Substantial Utility": 

A "substantial utility" defines a "real world" use. Utilities that 
require or constitute carrying out further research to identify or reasonably 
confirm a "real world" context of use are not substantial utilities. ... the 
following are examples of situations that require or constitute carrying out 
further research to identify or reasonably confirm a "real world" context of 
use andj therefore, do not define "substantial utilities": 

(A) Basic research such as studying the properties of the claimed 
product itself or the mechanisms in which the material is involved; 

Office personnel must be careful not to interpret the phrase 
"immediate benefit to the public" or similar formulations in other cases to 
mean that products or services based on the claimed invention must be 
"currently available" to the public in order to satisfy the utility 
requirement . See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 
USPQ 689, 695 (1966). Rather, any reasonable use that an applicant has 
identified for the invention that can be viewed as providing a public 
benefit should be accepted as sufficient, at least with regard to defining 
a "substantial" utility . 

(MPEP § 2107.01 I)(emphasis added). 
The MPEP additionally provides: 

Some confusion can resuh when one attempts to label certain types of 
inventions as not being capable of having a specific and substantial utility 
based on the setting in which the invention is to be used. One example is 
inventions to be used in a research or laboratory setting. Many research 
tools such as gas chromatographs, screening assays, and nucleotide 
sequencing techniques have a clear, specific and unquestionable utility 
(e.g., the are useful in analyzing compounds). An assessment that focuses 
on whether an invention is useful only in a research setting thus does not 
address whether the invention is in fact "useful" in a patent sense. Instead, 
Office personnel must distinguish between inventions that have a 
specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm . Labels 
such as "research tool," "intermediate" or " for research purposes " are not 
helpful in determining if an applicant has identified a specific and 
substantial utility for the invention. 
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(MPEP 2107.01, 1) 

A use is not substantial where further research is required to identify miy use. This is not 
the case in the present application. Knockout mice have a well-known use in the study of gene 
function. In the present case, the instant invention does not require further research to establish a 
utility. Applicant has determined that the protease-like gene is associated with, for example, pain 
and seizures. No further research is required to establish any use. The invention has a "real 
world use " - as demonstrated by the delivery of the claimed invention to at least one large 
pharmaceutical company . Whether additional research is required to identify therapeutic agents 
targeting the protease-like gene or to further characterize the function of the protease-like gene is 
irrelevant to whether the claimed invention has satisfied the utility requirement. 

The Examiner has not responded to Applicant's previous argument that a commercial 
sale represents a substantial, real-world use. The Examiner has also not challenged the 
commercial sale itself Although evidence was not required by the Examiner, in support of such 
commercial use, attached hereto is a Declaration from Robert Driscoll stating that knockout mice 
obtained from Deltagen are used for determining gene function and for drug discovery purposes 
- both uses which are clearly stated throughout the specification. 

The Examiner asserts the claimed mice are not useful as research tools because using a 
product for further research is not a "substantial utility." 

Applicant does not agree. First, it is wholly untrue that further research is required in 
order to confirm the utility of the claimed mouse in determining the function of protease-like . 
The value of knockout mice in determining gene function is well established and accepted in the 
art. This is demonstrated by the references cited previously. The Examiner has failed to provide 
sufficient factual support for the position that it is more likely than not that a person of skill in 
the art would doubt that Applicant's asserted utility is specific and substantial, which is the 
standard for establishing a prima facie case. See MPEP § 2107.02, IV. 

Second, Applicant is claiming a transgenic mouse , and not the protease-like or nucleic 
acid sequence. The Examiner must differentiate between the utility of the transgenic mouse and 
the utility of the target gene. " The claimed invention is the focus of the assessment of whether 
an applicant has satisfied the utility requirement." (MPEP 2107.02, 1) That the claimed 
transgenic mouse can be used in a research setting to further characterize the protease-like gene 
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does not mean that the mouse lacks patentable utility. Further characterization (involving "basic 
research") of the mouse itself is not necessary in order to confirm its utility in studying the 
function of the protease-like gene. 

The Examiner notes that "it is clear from all of the art provided by Applicants that 
knockout mice are used to elucidate gene function, which is not considered a substantial utility" 
(page 9). 

According to the MPEP: 

any reasonable use that an applicant has identified for the invention that 
can be viev^ed as providing a public benefit should be accepted as 
sufficient, at least vyith regard to defining a "substantial" utility . 

Certainly providing an in vivo model for studying the function of the limulus clotting 
factor protease-like gene is a reasonable use . 

In addition, the MPEP specifically cautions Examiners not to get confused by labeling 
inventions as research tools: 

Office personnel must distinguish betv^een inventions that have a 
specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm . Labels 
such as "research tool," "intermediate" or " for research purposes " are not 
helpful in determining if an applicant has identified a specific and 
substantial utility for the invention. 

The Examiner seeks to distinguish the claimed invention from a gas chromatograph by 
arguing that the "claimed invention is not a general tool for analyzing other samples and, at most, 
serves to study the function of a single gene" (page 8). 

Applicant disagrees. One of the asserted uses of the claimed invention is determining the 
specificity of an agent by measuring a physiological response of the animal to the agent and 
comparing the physiological response of such animal to a control animal (see, e.g., claim 46). 
The Examiner is requested to explain why this is not a tool for analyzing other samples (e.g., an 
agonist or agent capable of up regulating the gene, etc). 

Applicant submits that the Examiner has done what the MPEP specifically cautions 
against, by providing: "[a]n assessment that focuses on whether an invention is useful only in a 
research setting thus does not address whether the invention is in fact "useful" in a patent sense." 
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The Examiner argues that scientific "utility" is not the same as "patentable utility" or a 

"well-established" utility. 

Applicant does not agree. According the Utility Guidelines, 

If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 

As acknowledged by the Examiner, the use of knockout mice to study gene function is 
well-known - i.e., the mouse has scientific utility. If the asserted use is considered credible and 
accepted by the scientific community, how can such a use not be regarded as substantial? 
Applicant submits that if a claimed invention has scientific utility, it necessarily follows that the 
invention has patentable utility. 

5. In re Brana 

The Examiner also argues that the fact pattern in Brana does not apply to the fact pattern 
of the instant application because in Brana the specification did disclose a specific and 
substantial use for the claimed compound. 

Applicant submits that the legal principles as well as the facts of Brana are applicable to 
the present case. In Brana, the Board held that the applicant's specification failed to disclose a 
specific disease against which the claimed compounds were useful. The Federal Circuit reversed 
and held that the mouse tumor model represented a specific disease against which the 
compounds were effective. In the present case, the Examiner has argued that Applicant failed to 
demonstrate a link between the protease-like gene and any of the recited phenotypes. It is 
Applicant's position that a mouse demonstrating, for example, increased sensitivity to pain and 
increased susceptibility to seizure, is sufficient to establish the animal's use as a model for pain 
and seizures. As in Brana, Confirmation of the phenotype in humans is unnecessary. 

The Examiner argues that in Brana, the use of the compounds was "overlooked" by the 

PTO. 

Applicant respectfully submits that the Examiner has misread the case, as the PTO did 
not overlook the asserted use: 

Applicants' specification, however, also states that the claimed compounds have 
"a better action and a better action spectrum as antitumor substances" than known 
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compounds, specifically those analyzed in Paull. As previously noted, see supra note 4, 
Paull grouped various benzo [de]isoquinoline-l,3-diones, which had previously been 
tested in vivo for antitumor activity against two lymphocytic leukemia tumor models 
(P388 and L1210), into various structural classifications and analyzed the test results of 
the groups (i.e. what percent of the compounds in the particular group showed success 
against the tumor models). Since one of the tested compounds, NSC 308847, was found 
to be highly effective against these two lymphocytic leukemia tumor models, 14 
applicants' favorable comparison implicitly asserts that their claimed compounds are 
highly effective (i.e. usefiil) against lymphocytic leukemia. An alleged use against this 
particular type of cancer is much more specific than the vaguely intimated uses rejected 
by the courts in Kirk and Kawai. See, e.g.. Cross v. lizuka, 753 F.2d at 1048, 224 
USPQ at 745 (finding the disclosed practical utility for the claimed compounds -- the 
inhibition of thromboxane synthetase in human or bovine platelet microsomes ~ 
sufficiently specific to satisfy the threshold requirement in Kirk and Kawai.) 

The Commissioner contends, however, that P388 and LI 2 10 are not diseases 
since the only way an animal can get sick from P388 is by a direct injection of the cell 
line. The Commissioner therefore concludes that applicants' reference to Paull in their 
specification does not provide a specific disease against which the claimed compounds 
can be used. We disagree . 

(Brana at 1440). Thus, contrary to the Examiner's characterization of Brana, the PTO 
was aware of the asserted use against the mouse tumor lines but did not find the use specific - as 
in the present case. 

The court went on: 

The ultimate issue is whether the Board correctly applied the Section 1 12 Para.l 
enablement mandate and its implicit requirement of practical utility, or perhaps more 
accurately the underlying requirement of Section 101 . to the facts of this case. As we 
have explained, the issue breaks down into two subsidiary issues : (\^ whether a person of 
ordinary skill in the art would conclude that the applicants had sufficiently described 
particular diseases addressed by the invention , and (2) whether the Patent Act supports a 
requirement that makes human testing a prerequisite to patentability under the 
circumstances of this case. 

The first subsidiary issue, whether the application adequately described particular 
diseases , calls for a judgment about what the various representations and discussions 
contained in the patent application's specification would say to a person of ordinary skill 
in the art . We have considered that question carefully, and, for the reasons we explained 
above in some detail, we conclude that the Board's judgment on this question was 
erroneous . Our conclusion rests on our understanding of what a person skilled in the art 
would gather from the various art cited, and from the statements in the application itself 
We consider the Board's error to be sufficiently clear that it is reversible whether viewed 
as clear error or as resulting in an arbitrary and capricious decision. 
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The second subsidiary issue, whether human testing is a prerequisite to 
patentability, is a pure question of law: what does the practical utility requirement mean 
in a case of this kind. Under either our traditional standard or under the APA standard no 
deference is owed the Agency on a question of law, and none was accorded. 

If the question concerning the standard of review, raised by the Commissioner, is 
to be addressed meaningfully, it must arise in a case in which the decision will turn on 
that question, and, recognizing this, the parties fully brief the issue. This is not that case. 
We conclude that it is not necessary to the disposition of this case to address the question 
raised by the Commissioner; accordingly, we decline the invitation to do so. 

(Bram at 1443-44). The court's position is reflected in the MPEP: if an " assertion would 
be considered credible by a person of ordinary skill in the art , do not impose a rejection based on 
lack of utility " (MPEP § 2107, II (A)(3); II (B)(1)). If it is well known to those skilled in the art 
that knockout mice are useful for studying gene function, then those skilled in the art would 
certainly regard such use as credible, specific and substantial. Nothing more is required to 
satisfy the statutory requirement. Applicant submits that, as in Brana, one skilled in the art 
would find the asserted use credible, substantial and specific. 

The Examiner argues that the "mice exhibit a phenotype that fails to be correlated to the 
function of the limulus clotting factor C" and therefore the mice do not have "utility" (page 1 1). 

Applicant requests the Examiner to provide the legal basis for the rejection. Is the 

Examiner's comment based on lack of credibility, specificity or substantiality? The phenotypes 

were observed by comparing the transgenic mice with wild-type control mice of identical 

background. As reported in the specification, 

Homozygous mice showed a statistically significant decrease in their response 
latency to the hot plate test, relative to wild-type animals. Specifically, when compared 
to age- and gender-matched wild-type control mice, homozygous mutant animals were 
significantly different from wild-types in their response to the hot plate test. The mutant 
animals showed a statistically significant decrease in the amount of time to lick their 
hindpaw when placed on the hot plate at 55°C, exhibiting an increased pain threshold. 

(Example 1). Applicant reminds the Examiner that assertions made in a specification are 
presumed to be truthful. 



6. Summary 

In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
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gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant believes that 
the transgenic mice are useful for studying the function of the target protease gene with respect 
to the cited phenotypes as well as studying gene expression; and are therefore useful for a 
specific practical purpose that would be readily understood by and considered credible by one of 
ordinary skill in the art. 

In light of the amendments and arguments set forth above, Applicant does not believe 
that the Examiner has properly established a prima facie showing that establishes that it is more 
likely than not that a person of ordinary skill in the art would not consider that any utility 
asserted by the Applicant would be specific and substantial. (In re Brana; MPEP § 2107). 

Withdrawal of the rejections is respectfully requested. 

Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner has rejected claims 36-48 under the first paragraph of35U.S.C.§ll2 
because one skilled in the art would allegedly not know how to use the claimed invention as a 
resuh of the alleged lack of either a specific or substantial asserted utility or a well-established 
utility for the reasons set forth in the utility rejection. Applicants respectfully traverse the 
rejection. For the reasons set forth above, it is Applicant's position that the claimed invention 
satisfies the utility requirement. Therefore, one skilled in the art would know how to use the 
invention. 

In addition, the Examiner has rejected claims 36-48 for allegedly failing to comply with 
the enablement requirement. 

The Examiner argues that the specification does not teach that the control with which the 
claimed mice were compared to were strain matched. 

First, the specification and claims clearly recite the phenotypes were observed by 
comparing the claimed mice with wild-type control mice. It well known in the art to compare 
the transgenic mice with controls of the same background. 

Second, attached hereto is a Declaration from John Burke, Attorney of Record, stating 
that the transgenic mice were in fact compared controls of identical background. 

With regard to the added claims, the Examiner argues that specification does not teach 
how to make a null allele; that phenotype is unpredictable; and that gene disruptions "can" lead 
to hypomorphic and hypermorphic alleles. 
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First, the general rule is that disruption of the coding sequence by a positive selection 
marker, as taught in the specification, will result in a null allele, which by definition involves 
ablation of gene function (see, for example, Hasty et al., Gene Targeting, Principles, and 
Practice in Mammalian Cells in Gene Targeting: A Practical Approach, ed. Joyner, Oxford 
University Press 2000, p. 5)(copy attached). As shown in Figure 2B, the targeting vector was 
introduced by homologous recombination into the protease-like locus. As shown, the targeting 
vector contains exogenous DNA comprising lacZ and Neo'' genes. Homologous recombination 
was confirmed using both 3' and 5' PGR and southern blot analysis. According to Example 1 : 
"[t]he targeting construct was introduced into ES cells derived from 129/OlaHsd substrain by 
electroporation and chimeric mice were generated. Fl mice were generated by breeding with 
C57BL/6 females. F2 homozygous mutant mice were produced by intercrossing Fl heterozygous 
males and females." According to Hasty et al., introduction of such a large piece of exogenous 
DNA into the gene would be expected to result in a null allele. 

The Examiner has not presented any evidence supporting her position that the claimed 
mouse, a mouse having a null protease-like allele, was not made. Applicant reminds the 
Examiner that a specification is presumed to be truthful. 

With regard to predictability, the Applicant again points out that enablement is evaluated 
with respect to the claimed invention: a transgenic mouse having a null protease-like allele. 
The claim encompasses two possibilities: a mouse having a single null allele (heterozygous) and 
a mouse having two null alleles (homozygous). The specification clearly sets forth how to make 
and use the mice. The heterozygous mice are useful for breeding homozygous mice and for gene 
expressions analyses, as well as for phenotypic evaluation. The specification and Examples 
show how to use the mice in phenotypic analyses to determine the function of the gene. Any 
phenotypes associated with the heterozygous and homozygous null mice are inherent to the mice. 
Many of the phenotypes will not be associated with genotype and therefore v^ll be the same as a 
wild-type mouse. Thus, the claimed mice will have "wild-type" phenotypes. 

In addition, predicting phenotypes a priori must be distinguished from reproducibility of 
the phenotype of the claimed mouse. The general rule is that disruption of the coding sequence 
by a positive selection marker, as taught in the specification, will result in a null allele, which by 
definition involves ablation of gene function (see, for example. Hasty et al., Gene Targeting, 
Principles, and Practice in Mammalian Cells in Gene Targeting: A Practical Approach, ed. 
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Joyner, Oxford University Press 2000, p. 5). Ablation of function is expected to result in the 
same phenotypic response. The Examiner has not provided any support for the assertion that 
mice produced by the methods disclosed in the specification would not lead to a consistent 
phenotype. 

Applicant submits the claimed invention is fully enabled. Withdrawal of the rejections is 
respectfully requested. 

Rejection under 35 U.S.C. § 112, second paragraph 

Claims 36-48 stand rejected on grounds of indefiniteness. The Examiner argues that the 
specification fails to describe "a null protease-like allele." 

According to the Federal Circuit, satisfaction of the written description requirement is 
measured by the understanding of the ordinarily skilled artisan. The description must clearly 
allow persons of ordinary skill in the art to recognize that the inventor invented what is claimed 
(Amgen v, Hoechst Marion Rousel (65 USPQ2d 1385 (Fed. Cir. 2003)). 

The written description is evaluated with respect to the claimed invention. In this case, 
what is claimed is a transgenic mouse with a null limulus clotting factor protease-like allele. 
According to the specification, a "'limulus clotting factor protease-like gene' refers to a 
sequence comprising SEQ ID N0:1 or comprising the sequence identified in Genebank as 
Accession No. AA833210; 01:2906938." (specification, page 7). One skilled in the art would 
clearly recognize that Applicant invented a mouse having a null protease-like allele. 

The Examiner cites Fiers v Revel and Amgen v Chugai, 

Both cases are clearly distinguishable from the present case. Both involved patents 
which claimed DNA sequences encoding certain proteins. Both cases involved the issue of when 
the applicant was in possession of the claimed nucleotide sequence. 

In the present case, Applicant is not claiming a DNA sequence. Moreover, the mouse 
protease-like gene sequence is disclosed in the specification. Applicant submits that neither case 
cited by the Examiner is relevant to the present situation. 

In re Shokal is also readily distinguishable. The case dealt with a prior art rejection and 
whether a prior application supported the claims of the application at issue. The court held that 
"[u]nder the circumstances noted we are of the opinion that neither the broad language relied on 
by appellants nor the specific examples given by them sufficient to identify or point out the 
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particular genus recited in either of the appealed claims, and that appellants' prior application and 
the affidavit submitted by them under Rule 131 do not, singly or collectively, constitute a 
sufficient disclosure to antedate Rothrock's filing date, so far as those claims are concerned." 
(Shokal at 286-7). Thus, the case is not relevant to the present situation, as there is no pending 
parent application w^hose disclosure has been questioned. 

The Examiner cites Fiddes v Baird for the proposition that claims directed to mammalian 
FGF's were found to be unpatentable due to lack of written description. 

Fiddes is likewise clearly distinguishable. In Fiddes, applicant Baird was claiming 
mammalian FGF although their specification disclosed a single species, a bovine pituitary FGF. 
Baird was not even in possession of the natural gene encoding bovine pituitary FGF. 

In the present case. Applicant is not claiming mammalian protease-like gene, nor is 
Applicant even claiming mouse protease-like gene. Applicant is claiming a mouse having a null 
mouse lumulus clotting factor protease-like allele, where the endogenous gene is defined as a 
"sequence comprising SEQ ID N0:1 or comprising the sequence identified in Genebank as 
Accession No. AA833210; GI:2906938." - a single species. Applicant submits that one skilled 
in the art would acknowledge that Applicant was in possession of the claimed invention. 

With regard to "protease-like allele," according to the specification, the "term "transgenic 
animal" refers to an animal that contains within its genome a specific gene that has been 
disrupted by the method of gene targeting. The transgenic animal includes both the heterozygote 
animal {i.e., one defective allele and one wild-type allele) and the homozygous animal {i.e., two 
defective alleles)." (page 7, lines 25-28). 

According to Hasty {Gene Targeting, Principles, and Practice in Mammalian Cells in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000) (copy of relevant 
pages attached),: 

Since the most common experimental strategy is to ablate the function of a target gene 
(null allele) by introducing a selectable marker gene , . . 

(page l)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Pheno typing of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Knockout mice have a gene deleted. The null mutant homozygous knockout mouse is 
deficient in both alleles of a gene, the heterozygote is deficient in one of its two alleles 
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for the gene. The genotype is for the null mutant, +/- for the heterozygote, and +/+ for 
the wildtype normal control. 

(p. 2)(emphasis in original). 

As noted above, there are two possibilities, a mouse having a single null protease-like 
allele (heterozygous mouse) or a mouse having two null protease-like alleles. The Applicant 
made both of these. One skilled in the art would clearly appreciate that the Applicant fully 
possessed the claimed invention, a transgenic mouse having a null protease-like allele. 

With regard to "visible marker," the claims have been amended, thus addressing the 
Examiners' remarks. 

Applicant submits that the claimed invention satisfies the written description 
requirement. Withdrawal of the rejections is respectfully requested. 

Rejection under 35 U.S.C. § 112, second paragraph 

Claims 36-48 are rejected as allegedly indefinite under 35 U.S.C. § 1 12, second 
paragraph. 

The Examiner argues that "protease-like" is unclear as it is not understood how a gene 
can be protease-like. 

Applicant submits that the term would be clearly understood by one skilled in the art. 
For example, a search of the NCBI website for "protease-like gene" reveals an article by Liu et 
al., entitled, "Identification of a novel serine protease-like gene , the expression of which is down- 
regulated during breast cancer progression" (Cancer Res, 1996 Jul 15;56(14):3371-9)). Several 
others examples were also found. As the term would be understood by one skilled in the art, the 
claim satisfies the definiteness requirement. 

With regard to a null allele comprising the sequence of SEQ ID NO: 1 ; the null allele 
comprising exogenous DNA; and the term "capable of," the language has been deleted from the 
relevant claims, rendering the rejections moot. 

Withdrawal is respectfully requested. 

In view of the above amendments and remarks. Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
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of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any overpayment to 
Deposit Account No. 502775. 

Respectfully submitted, 



Date 



26619 

PATENT TRADEMARK OFFICE 



John E. Burke, Reg. No. 35,836 
Greenberg Traurig LLP 
1200 n"" Street, Suite 2400 
Denver, CO 80202 
(303) 685-7411 
(303) 572-6540 (fax) 
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BackgroTuiedl oe Moose a§ a Model Orgainin§m 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma, hi addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
usefiil, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerfiil 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 
developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 



Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition. The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, leaming, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most conmion form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: CpJ^\ Lep^^, Lep/^ and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 
three months of birth (even on a low-fat diet) are characteristics of several experimental models for 



human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-091 1 
Last Reviewed: September 2004 
O Top of page 



The Knockout Mouse Project 

Mouse Imod^ technology provlttes a powerhit means of c^ucktettr^ functlmi In yfvOt and a publk^y avail^ls 
gemmie^de cdtection of mome knodtDuts would be significantly enabling for bk)medical dbscotfery. To date, published 
knodoHils exi^l for only ab<H4 10% of mouse genes. Furthermore, many of ^lese are limited in uUUty tecmise they have 
not been made or phenotyped in standardized ways* and many are not freely avail^le to researchers. \t is time to h^ness 
new technc^ogies and ^fk^des of {mxluctkm to iTKaint a h^-throi^^|Mit tntamatfonal effort to pro(^ce 
phototype knodcouts for all mouse i^en^, and place these resources into the p^AWc d«nam. 
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Mcntr thdt the human and mouse gfsnofne 
sequences arc known^'^ attentkin Ka$ tutatd 
to daddstmg gene fancdtm and identifyii^ 
g<i% products that might have therapeutic 
valw. Hie laboratory mouse (Mu5 tnusadus) 
hzs had a prommem rc4e in the study oi 
homan diseaise medianisim throughiml the 
Tixht lOO^fcor history daskal mouse gcnet- 
tcs^ £Eemplifi«i bf the Iosors tmjied £nHn 
mturaliy occurring mi^ams such as ^outiS 
reder* and obe$«^. The large-scale ptofhioion 
and ana})^ of induced geneUc miitaiiom in 
mtorms, Bks, tcbrafbh and mice hawe greatly 
accelerated Oie uitder&tandtng ofgcne ^mction 
In these otg^ntsma. Among the caodd w]gan> 
IsntSt the cnouse oflers panioilar advantages 
for tfu: jfttKty of bunian Mdogy aod disease (0 
the mouse is a mammal, and its development, 
body plan, phy^ob^, behavior and diseases 
have miKh in omtmon widi those of humans; 
(a> almost all {99%) mouse gwies have 
honid(^ in humane and (m) the mouse 
genome su|»pO Fts taxgeted mutagenesis in spe- 
cific genes^^ homplogotis recomkmatton in 
embrTOiiic Axm {£S^ oeSs, aQowfng ^ej^ 

Th^biyiy to dimipt, or knock outf a spe> 

in tti^k^;i^M»f '7)i ^ useof Imockr 
out mice has led to many tnsfghts into human 
bif^gy and disease^*'* Corrent lechndL^y 
also permits insertion of Vepornar* genes into 
the knocked-out genc^ which can then be 
used to determine the temporal and sp^iaJ 

Mntliors and ^mrs^iH&tiomartUsU^ at the 
vnd erf ditff ^aper. 



ex{n«$£on pattern of t3u knocked-out gene m 
mouse tmtiea. Such marking of cells by a 
reporter gene fadlitates the idexititotion of 
new cell types according to ^eir gene cxprcs' 
ston patterns and ^ows Luther charactertxa- 
tion of marked tUsues and sin^e cells. 

AppfKtation of the power of mouse genet* 
ICS to inform the study of mammalian physi- 
and disease^ coupled widi the advent of 
the mouse genome sequence and die ease of 
producing mutated alleles^ has catalyzed pub- 
Uc and private sector initiatives to produce 
mouse muums on a large scale, with the goal 
of evemuaHy knoddng out a substan^ por« 
tion of the mouse genome' laf^e^scale, 
pubBdy funded gene-trap programs hai« 
been isiSsxaxdm several countries, whb the 
International Gene Tr^ Gonsorttum coordi- 
nating oma^n efforts and resources^^ 

D^ptte these efforts, the total mimher of 
knodcotit mice described in the llter^ure Is 
rda^hdy modest* corresponding to only -10% 
of the -25iO0O motne gienes; The curaicd 
Mouse Knockout & MuUUicml^alabase lists 
Z^669 unique genes (C iiathbone, p^sonal 
c(Kxmtaai<iiti6n>^:die airbed Mc^use Genome 
Da^]tw>^Um''2ilHI7iuruc^^^ an 
aziaij^ It 2,492 
uniqtie genes (B.Z^ unpublisfaed'ti|ta). Most 
of these ktiodEOtits are not read^ anraiilabk to 
scientists who may warn to use them in their 
reseaxdh; for escauiple, cndy 41 S unujue genes 
are represented as targeted mutations jo the 
lacksoD Laboratory^ Induced Mutant 
Kesource 6ax^b^ (S Rockwood* personal 
commnnication). 

The omveiTgii^ interests of multiple mem- 
bers of the genomics ccmrniunity led to a meet- 
ii^ to discuss the advisabiUty and leaslUlityof 



a dedkated prvgect to produce Imockout aOdes 
fcx all mott9e genes and place them into the 
public domain. The meeting took place &om 
30 September to 1 October 2003 at the 
Banbury Confcmice Center at Cdd Spring 
Harbor Laboratory. The attendees of the meet- 
ing are the atuhors of this ps^. 

H a systematic profect warranted? 
A coordinated project to systematically knodc 
out all mouse genes is likely to be of enormous 
benefit to the research oommunit)^ given \hc 
demonstrated power ofknodmut mi« to dud- 
date gene iunctkin» the ^cquencj of unpre- 
dicted phenotypes in knockout mice* the 
potentii^ eccdtUHtiies of dcale in an organised 
and carefully plarmed prelect , and ^ b^ cost 
and lack of availability of krtockout mice being 
nsuiein curreist e^n& Moreovei^ im|^ema^- 
such a s^pstematk and comprehensive plan 
will gready *D«tefatc the transition of genome 
sequences into biological ins^d^ Knockout ES 
cdls and tnioc currcn|ty aysj^|eW pub- 
lic and^pri^-^sei^'^^shc^::^^ 
into die geraaihe^^^ 

duced a^g^ u^|7 itm^^ sutkipUihal 
tnetfaods (e^., lidt n^c^id}]^ a in^ or if 
theiruseis re$tricted%u^^ 
other con^ramts;^^ 
temaik arid «>dd:dkiated e£&rt pc^^ 
production Widi reduced costiQ^ uniform use <^ 
knockout mediods, aUowing for more coir^ 
r4>ility between knockout mice: and r»dy 
access to mice, their derivatjves and data to all 
researchers without encumbrance. Sotutiom to 
the bg^sticalf org^ni^ttonal and informatics 
issues assod^fd widi producing charactem- 
ir^ uid distramting such a large number of 
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Transcriptome analysis 



Tier 1 phenotyping 
Tissue expression analysis 
Knockout mico 



Mouse genome sequence 



1 Structu^ of Tp^Qurte prodtictioA In Ifte ptcpo&tA KOMR Udng th* irwutt ffen^M seQUftfic* 
95 9. ftwndatkm. knodtout alleles In £S c*lb win b9 pr6<ti^ f<» all i^nes. A subset of ES cell 
kRoclwtfts m\ be (itsea edcti yeer lo produce loiqpkout titice, ($etert»[iie lUe e]i{>t«sston pattern of the 
targeted gwe in a wieiyo* tissues wwJ carry out screening4ewBl (Tier 1) pbenotypirg. In a subset of 
mouse lines, b3recnptofne analysis and more deUited systero-specinc Oter 2) phewjtyprr^ wiil t»e 
done. Finallifr spectrfized phwMJtypflng will be done on a smalier numbef oJ mouse lines with 
particuiartjf iftterwting phenotypes. AH «3ges wilt fxm mimirt tite purview ot the KOMP fcxcept lOf the 
specializHj irfienotypg^g^ which iwll occur in irxividual laborBtorieswith particurareitpertbe. 



mice win draw fiom ibc cxperioKC of mlaied 
projects in the {min^ sector and in acadc7E»a» 
whidi hjhc msjie or phenotypcd hundreds of 
knodcout mkc using ^ variety of techniques, 
tessoiu t«;anu^ 6on) these |»9fectt indude 
need for rcdundaacjr at each sUp to mitigate 
pipeline bottkoecks and die need for robust 
tnformAtks systems to trade die prDdoctian, 
anal]^ inaintenaDce and distribti^ 
<aiuis of tari^ii|$ constructs, ES cells iiid 

Mu)M^>0it«r allele* shouMlte^l^ 
The pFQ^triO^sl^tcirg^t^^ 
a« uniform as possibk» to allow ciGdent pn>- 
ductioik and oomptjison of mcHisc; pheao- 
types. The alleies thoold achieve a balance of 
utiUty, fle)£*ility» ihrottghput and OMt A 
null allde is aii indispensahle starting poiqt 
for studying the faction of every gene, 
Iftsming a re|K>rt£r gene (e.^;., P galactosi- 
dase or green fluorescent protein) allows a 
rapid assessment of which cell type* twr- 
mallf support the expression of that gene. 
Therefore, we propose to procfocc a null- 
reporter *|jde for each gene. Making each 
mutation condition^ in nature by adding 
ctf-eJements U,%.^ lox? or FRT sites) would 



be desirable, but we do not advocate this is 
part of the mutagenesis strategy unl^ the 
technoU^cal Hmltatioiu currejutly associ- 
ated with generating conditional targeted 
mutations on s lai^^e scale and in a co^- 
efTeOfve manner can be overcome. 

A ccwK^naiion of methocb «hotiM be used 
Various methods can be used to create 
mutated allda>» iiKiuding gene targeting* 
getie tr^^xng ami RNA ititcrfcrcnoc. 
Arf*^ag«t ji^ i»anra gene targeting 
include SextbiliiTin^^^ of alleles, lack of 
Umitatiim ta inie^a^on hot spots* reli^Hity 
for produdng cbm^ ^e* 
les, ability to produce r^ner Imock-ins and 
oonditioaal aUetes, and ability to target splice 
varianis «nd altcma^ promoters. BAO- 
based targctirqs has the potential ©dvantagcs 
of higher xecombinatsoa elBdencies and flex- 
ibiHty for producing complex mutated ^le- 
les*«. Gene trailing is rapid is cost-eJfifcctiTC 
and prc»duces a Urg« variety of insextlonal 
muta^ns throughout the genome but can be 
somewhia less eodble*^'^**^*. Ihere is uncer- 
tainty regardit^ the percentage of gene ir^ 
that produce a true null ^e and the fraction 



of dje genome that can ultimately be covered 
by gesM-trap ntutations. l^^lng is not 
entirdy random but shows preference for 
larger transcription ui^ts md genes more 
highly oqnessed in £S cells. In recent studies^ 
gene trying was estimated to potentially 
produce null Alleles for 5C^-60% of a& genes, 
pcrhi^u more if a variety of gene-trap vectors 
with di£fercnt insertion diaracteristics is 
used'^-^, RNA interference offers enormous 
{^t^se for imalysis of gene fiinction in 
ntlce^bueisnotyetsufBdemty developed for 
large-stale production of gene modiScations 
<«l»^e of reliably producing true nuO dlde& 
Both gene-taigeting and gene-temping medt'- 
ods are suitable for producing Urge munber s 
of knockout alleles* and» given th^ comple* 
mentary adviwtagea* a combination of these 
methods should be used to produce the 
gmome-wde collection of nuS*reporter alle- 
les most evidently. 

What should the deliveraMes be? 

A genome-wide knockout mouse project 
could ddiver to Ihe researdi oommutUty a 
trove of yalual:hle regents and data, indudii^ 
targeting and trapping constructs and vec- 
tors, mutant ES cdl lines, live mice, frozen 
sperm, frozen embryoES, phenotypic data at a 
variety of teveb and detail, and a database 
with data visualization and minii^ toots. At a 
mittimunck we believe that a comprehenshre 
genome-vinde resource of mutant £S ceU Hoes 
firom an inbred s^ain, each with a di£^»eiit 
gene knocked out. should be produced and 
made ava^abk to die community. Choosing 
an tiered }ine (129/SvEyTa£ or C57Biy6J), 
and evaluatitkg the alternative of using ES 
cells and tarapfoid aggregation to proWde 
potential time savii^ merUs additional 
enttBc review and discusston^^^i ES cdls 
shc>uld he con>«^ed mto^^^ 
sistent witfa]s>io|eh fur^nga^^ the ability of 
thewOT^ 

iyz^lt^ui^^iMdu^^^ 

tiveness of $)|timi|tk^ chara^ the 
mice is a matterjoj^l^ate* a Umited set of 
broad iM:::i^^i^S^c^ scttens, ptobaWy 
incNdii^ a^&^^ devetopmcntal 
le^hality^ phyi^ examination, basic blood 
tests, and hiiitbi^eihica) anal^is of reporter 
g«ie ccprcssioin, would be usefol. More 
detailed phenotyping, based tm findings 
from the imtial screen or ousting knowicdge 
of the gene** fonctton^ could be done at spe- 
da^zed centers. All ES ceB dones and mice 
(as firorcn embryos or sperm) should be 
available to wiy researcher at minimal cost, 
and aU nciouse phenotyping and reporter 
expression dau should be deposited into a 
pi^Bc database. 
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In dcternunii^ hqvf to Im^maiX ^ pro- 
)ett. utiifty to the research community should 
be the s^odant for juicing value Each step 
after ES ocU gener<ticm (t j^. mouse oeation, 
anaiym, phenotypuig) 
wiD make the tesounce u$e^ to more 
rcseardim but wOd abo Inocase co$t9 snd sd- 
enit&c comptewly. Wis thcrrf&re advocate a 
^pFyramidr strucbire ktr the pmject (I^ 1), At 
^ hast of Oie pyramid i» the gefumie-wiik 
colledkm of mutant ES ceUs for every mouse 
gene; Over tune, a subset of these mtitant ES 
cells should be m^e into mice dmdcter- 
faoed wfth 4fl initial phenolype screen (Iter I; 
[%, 1) and analysis of tissue reporterisene 
eTc^nres^m. A subset of thes« tines should be 
pn>fiied by micro^ray analysis, and a subset of 
these profiled by system-spedyk (Tier 2> phe- 
ootyping, based on the mulls of thr Tier t 
l^ictiotypii^ anpy studies csfdsdng kztowl- 
fdge of the ge&e'i &iiKiioti atsd the genets tissue 
expression paitent With time, ihe upper tiets 
of ihe pyiianxkl wiO be filled out> eventually 
oransfomung the pyramid into a aibc» with 
information ofaS types avaalabk fox genes. 

This project will r^uire the resolution of 
numerotis in^cctual property daims tnvdv- 
ing the production and use of kno^out mice. 
To deal widi the existing patents that cov^ 
the technologies And processes invoWed In the 
productton of mutant mice» we suggest dtat a 
'patent pooly such as that used in ^e semi- 
conductor industry^, should be generated. 
Several indhridaaU who represent entities that 
control patents on mouse knockout tcchpolo- 
gies arc authors on this papcr» and they agree 
with this approach. We also agree that any 
mutant ES cdts or mice prodUiced should be 
{^aced immediately in the public domain. 

Mechanisms and costs 

BS ceD productiofi. Automated knockout 
construct and £S cdp production shoutd be 
carried oia in coordinated centers to ensure 
efficiency std uniformly. We estimate that 
most known mouse genes could be knocked 
out in £S ce!U within 5 ye4rs» using a comlwu- 
tion of gene-tf appix^ and geite-tatgeting tedt« 
nicies. Gem trapping cm produce a ha^ 
number of mutated alleles quickly, but 
pro^icss idiould be n>onifeorcd closely to deter* 
mine when its yidUl of new genes dtmlnl^ies^^ 
and. therefore, when targeting should be 
ifKTea»ngEy relied on. As large-scale tiiipping 
projects have Already deHned gene dasses thai 
probably cannot be knocked out by tra^ng 
(^^, itogle^^um G?QU, genes that are fM>t 
expnUMd in ES cells), we propose that target- 
ing begin on those ciasses immediately. All £S 
cdh should be made avaBaNe to the research 
community, because this collection itself 



would be a viable resource. Efforts in the 
pt^c and ptivate sectors have aheady 
knocked out many genes in ESccUs* and* to the 
degree dbat die alleles produced fit the pre- 
scribed characteristics (i.e., null alleles %trtlh a 
reportrr) and are avaHabk, every e^ort should 
be made to tncotporate these into die planned 
pubHc resource. Costs for generating this part 
of the resource were estimated at between 
$9-11 milhon/year for fnv years (these and all 
lubsequent %urc« are direct C04^). 

Mouse pfodMctioo. The subset of ES cdls 
made into mice each year should be chosen by 
a peer*review process. Central ^ilities for 
high-e^dency mouse production^ genotyp- 
tng, breeding* nuuntenance and archiving 
should be fiuHled^ to take advantage efB- 
cie»ctes of scale in mouse cre^ion and distri- 
bution. Researchers could apply to prochice 
groups of mice outside die ccnier*, as long as 
they meet the cost speetficatioAS of the pro* 
gram. All mice should be made available 
immediately to researchers as fo»£en embtyos 
or sperm, for nominal distributton co«C An 
intlia} target of SDO new moujw: lines per year 
would douHe the current rate at which new 
getter are knocked out in the public sector; we 
kt\ that this rate is within the catpadty of the 
biomedical research community worldvdde 
to absorb and analyze. We estimated the iui- 
tial cost of this level of mouse prodacci<m to 
be $12.5-15 rniUion per year. 

Reporter tissue expression analysia. 
Apprcodmatcly 30 tissues &om aduh and 
dcvdoproental stages should be sampled to 
cover the main organ systems. Analysis metb-' 
ods ihMild be customized to die mgan system 
and marker, and a searchable database of the 
^tes of {^nc expression, and the images show^ 
ir^ them, should be produced. Centers to 
carry out th^ andyses and data curation 
should be selected by peer review. ^Ve esti- 
mated the cost of diis component for 500 
mouse lines to be S2.S-$ miUfon per yeaiv 
dependSi^ on how much tissuesectioning and 
cdt-kvd analysts is done. 

Phenotypln^ Tier t {^tcootyping should 
be a bw-cost screen for dear pbenotypes end 
shouM be done on all mouse lines produced 
Ikr 1 should indude home^e observation^ 
phydcal examination, blood hematok^cal 
and chemistry profiles* and skeletal radi- 
ographs^ The centers produdi^ the mice 
should carry out dse Tier 1 analyses, at an esti- 
mated cost of S2.S million per year f«r 500 
lines. Selected tines, chosen on the basis of 
foidiitgs from Tier 1 phenotyptng. tissue 
expression patterns, mtcroarray data and the 
sdentiSe literature, should undergo more 
detailed and system- focused Tier 2 phenotyp- 
ii^ Tier 2 phenotyping should be done in 



spedaihed phenotyjnr^ centers, akm to those 
already in operation for phenotypiitg of mice 
produced by £NU mms^cncsis^ All Tier I and 
Tier 2 |>henotyping should be done on a uni- 
form genetic badcground by dedicated grc^ps 
of individa^ in stngje locations, to fodliute 
consiscency and cross-comparison of results 
among ditocnt mouse lines. All Tier 1 and 
Tier 2 phenotypinK results dliould be 
deposi ted into a central project database freely 
^ccessiHe to the rocarck commnoity. More 
detaiii^ and spedaliecd (diciwtypingcouUl be 
done by indhridual researchers in their own 
laboratories; deposition dUs more detailed 
phenolype data would be encouraged 

T^aaiscriptoine anaiyaia. Transcriptome 
{HOfilia^ of tismes hom eadi knockout line, 
collected in a uniform way across aB mice and 
tissues and placed into a searchable rdationai 
databases would add substantiaily to the «d- 
entiSc value of the project, though it would 
also add cotutderaldy to its cost 
Transcriptome analysis should therefore be 
done on a subset of mice, cho&en by peer 
review. We estimate that, wids Ae best cur- 
rently available array technolc^, an ^alysis 
of ten tissues would cost ^$18X^ per Uztc. 

Conclusions 

This p roject. tentativdy named the Knockout 
Mouse Project (K0M?)« wiQ be a crucial st^ 
in harnessing the powor <^ the genome to 
drive biomedical discovery. By creating a 
publicly available resource of knockout mice 
and phenotypic data> KOMF will knock 
down barriers for biolo^stf to use mouse 
geneti cs in their research. The scientific con- 
sensus thai wt achieved — that a dedkatcd 
project should be undertaken to produce 
mutant mice for all genea and pbce them 
into the ^bBc domain — is onportMit but U 
oidy the beginning. Iis^em^tation of these 
reconimendattons wiD require addUlonal 
input from the peater sdentii^c €ommttnity» 
including those responsible for program- 
matic (Erection and 6nandal support of bio> 
medical research in the pul^ic and fH'ivate 
sectors. This ambitious and historic initiative 
mast be carried out as a coUaborative effort 
of the worldwide sdentific ccanmuntty; so 
that all can contribute their skiHs. and all can 
benefit. Intermtional discussi^ among sci- 
entiiic and programmatic sta^s since the 
Banbury meeting at Cold Spring Harboiv in 
both the public and private sectors^ have 
^own that there is great enUmsiaan and 
commitment to this vision. The next step for 
KOMI* win be to move this vidtmary plan 
from conceptual tKStfon to implementation, 
widi an urgency befitting the bene^ts it will 
bring to science and medidne 



NATURf celeries VOiaME jib I number 9 { SCmMBER 2004 



923 



8 

V 

c 

& 



Daud»«e h jtniUble at bnp://researdiiinm.aH[i/ 
mltmd/. Tiv curated Mouse Gettome DalabaM is 
svoilable «t hvtpJhvwwMifoxm:>.ik$,^0r$f* latent 
pwft: /4 MftifKM to the pfi^imt 4tc!cgss in bkmh-^ 
ttciof^ fattnitf it avaiUblr si htt{>://nrww,us|H0. 

Hatxffw^ tSthni (2001). 
2. Vwter, JJC. *l 5ciefl«28l» 130«"135i tZOOU 

1195-1204(1992]^ 



7. Qott&Eein, I.L HatiiSetLl, 1D79>1080 12001 >, 

a. CrOH«antJuste,FUHoi»f8. i.e. earner. C.&UbDiitf. 

4. OmC^o. /Vtamaote. J, 18MSSI2003). 
% MertOft. W. A. t*seefW1^560-6G9 (200311 
1& WS»Uk«. DjC Am. X Med C^tet. 106, 71-93 420011, 

11. Otm, (ti. AktwrtJW. S.. Tuito. Tin & Js*eflbe^ R. «at 
&tnet 27» -327-^93 1 {ZOOlli 

12. Zvotramcx, BvP. «f «JL AWtfi«392. 60^1 1 (1956)1 

13. »(»l«u^m «t*t, Sdmf^h 1251.1255(2001). 

IS snyke, ^ at. Atuctec ^ »1« 27»^ai 
(20031. 

16. HMoen. J. aL Aoc IVtftf. /le«l Sck. ij$A iOO, 
991»^2 (ZOOS). 



{20031. 

19.0»e^ K>t, Delraw, i.. Ctxrin. P.O, roziar, XP. & 
SoftftW, P. ASiL Gwtt ». 304-312 {2004X 

2a ^nfQ< tttU CohR, JL9. ft edA»t»^ $.R ACit Am 
Csnvt 2, 75(^768 (2001), 

21. Zan^snwz. aP. « «i ^ ^ Sci US^ f Oa 
14109-141 14 (2003K 

22. »Ctm8d)^ t sr «L toe aioeac^. 21. 5S&-661 
(2mn). 

23. SttB^ C, SAtiMten. T.L, StMort. C.L A dumwl^ 
U. nenOsGmt. 20. 59-62 t2004)u 

24. (C ef *l Ma «W»Cftrt)f,20s,45Vt59 (20O2X 

A hIu^ la th4 preMgm sens* ifi IMkiImK' 
noOc^ PilenUf P«tent an4 TVaMnwrii Off^, 
2000). 



t 

i 



I 

z 
S 

e 



Chri&to{»h«t P Ansda^, fames F Battey'* Alka Bcftdley'. Maja Bucaa** Mario Cftpecdki^ Fnuids S Colliiu^i William F Oo^, 
Gcofi&rey Dttyfc*. SuMn Dfoiecki^. Jamn T Eppig**^. Frafoiski B Gfieder* ^ Kathanid Hdntz^\ Geoff Hicksi\ Thomas R lmd*^ 
Alatamlra Joyoet", Beveriy H Koller'*, K C Kent Uoyd". Tferry Magntison". Mark W Mo«e»» Audras NSaRy^, Jouathaa D PtoOock". 
Aneii D Rosm", Ar&ur T Sand*«» Brian Seed". William C Skanic»», Jay Snoddy*** Ptaipp« Sonan©^. David I Stw*rt», 
Fra&cb Stevmrt^, Bruce StiUcutn^, Hardd V«nmi«»» tyub* A^nkovski3^ Inder M Verma". Thomsuf P Vogt», Harald voti Meldmcr^* 
Jan Witkowikt^*, lUcbard P Woy<ha^» Wolfgang Wijnt*'» Gctnge D Yancc^Knilos^^ Stephen G 1foimg» & Brian Zambiowict^ 

*NaHotud Human Ctnome It^eatxh Imtkuu, Nathttidltutitutm cfHeaiOf, BuUdmgSh Aoom 4B09» il Center Drive, Bestsesiht Maryhuut 20992, 
USA^ '^hta tioiwJ tnsdtuu on X>eafness and Other Cammunusation DisanierSi HatmmtS Ins^Sutes of HeattK Building 31, Sotan SC02^ BetkesdOf 
Maryiand 20992, USA. *The WeHwmt Trust SarsgerJustiaitef WeUctane Trust Getmme Campu\ Hznxfwt^ Otmkr^ige CBIO 75A *S>epartmmt of 
Gen^fM^ tMivmityt^Pamsyharna, HI QiaiadtUseerfhSuHdht^ 415 Carie BouUvajd^ Fhitadefyhiot Pennsyhania 19104-6145, l^A. ^Vnivtrntfvf 
Vt^ Bcdet imtitute af Humum Genetks, Su^ 5^)0, Salt Lake Cf^ Utah 851 12, USA. ^Na^tu^ Human Genome iUsearth Institute, Nattonal 
fnstituUsafHeat^ Buitdii^ 31, Room 4BG9^ 31 Center Drwe^ Betbada, hAarykmd 20992» VSA. ^McArSe ttAmattayfm^ Cancer Researdi, tMhersity 
pfWhanwn - Madhm t400 VnivemtyA^^emte, Madkon* WUcomw 53706-159?, USA. *rPG Vtnntfts, 345 Cal^mia Strrtt, SmteZ&Wk San 
Frandssa^ CaUfmtia 94104^ USA, ^Harvard MediadSchooU Department cf Cenetia, 77 Avenue Louis Pasteur^ Boston, Massatfynetts 0211% USA. 
^^T%e foi^cson lahonuory, eOOfdatn Ureet, BarHarharf Maine 04609- 1500, USA. **J^tiottal Cenm ^rReftarch SU$aurt*s, HatiomdJmtimte* of 
Heahh, I Demoamcy PUaa, 6701 DemoeracyBoxdevard, Beth&da, Maryland 2X^17-4874, USA. ^^Lt^ratarycfMideadarBiohgfi The Rocktf^et 
University^ 1230 Ibri Aivnu^ Sew ybtk, >few York 10021, USA. *^2danitob0 hrstituteofC^Bii^Ofp^ 67SMd>erm&tAremie^ Boom ON5029t Wum^^:^ 
Mio^ha USE eV9, Canada, "National ImtxtuU ofMmtaJ HaUtK 6001 ExecuSivt Bhd, - Rm 9235- MSG 9669, Beihesdth Maryland 20892-9669, USA. 
*^Sk{fhan Imtitutt ofB'wmokadarMtdidtte, S40 Br$tA»tmtt, 4tk Floor, Sew l!>fi. New iSw* 10016, USA. ''Dep^ttttneaH^GeneHa, Univerwtypf 
North Carotina, CB 7248, 7007 Thtfftcn BowUtSyg, Chofd Um, North CawUna 27599, VSA *^S^wof o/VetmnaiyMedidne, University af 
CaUfsmm, One Shield* Avenue^ Dam, Odif»mkt 95616, VSA ^'Deparlnumt c/ G<nr^ Room 4109D Stuntcimcrt RaearA Building, VntvKrstyt^ 
North Carolina, CB 72H- mMoson form Boad^ ChapetHiB» North CaroBta 27599, USA. **DtHagen, 740BayRAad, Redtvcod Cityt Califitmia 94063- 
2469t USA ^Samu^ Umtnfeld Retearch histxtuti^ Vnivenity of Toronto, 60$ U/iiverstyAyenne, tonmto, Ontario MSG tXS, Canada. ^'NaiionaJ 
Im^tute oaDn^Abusef 6001 Exescutive Bh^ Rm 4274iBi0it^Marfkttd2Oe92t USA ^UtMoSmidtKHnefS Moottl>n^Dtirhtan, North Carolma 
27709, VSA ^Lexicon Genett€s,SSOQTk^noUjgy Forest Ptaetrfh* Woodkuids, Texas 7738i-U60, VSA.^Depmimtn%€fMokadarBiolo$yi 
MassadwsettsGeneralHoMp^WtlbnaM9}l,55Pruit$tre^ 

TrvstGettfime Campus, Hmxton, Cambridge €3iO ISA, UK. ^the UttivmHyofThmessee-ORNl CrodttoieS^ool of Genome Science and TtdmtAifyk 
POBax2008,MS6164,OidLRkigeNiaiionalLtdn^^ Oakm^ Tennessee 37831-6164, VSA^Dmwm of Basic S€itmes»A2'02S, Fred Hutddnson 
Cancer Besearxh Center, llOOFiairviewAsnnue^rih, MJjBax 19024, Seattle, YMinpon 9$l09'i024, VSA ^Cold Sprittg Harbor Laboratory, 1 
Bunpown Road, PO Box 100, Cold SftingHarboT, Newl^ 11724, USA. ^Biet, Vmver^efTedmolosy^ Dresden, e/oMPi-CBG, Pf^tetOtauentr 10^ 
l307Drtsd^Gernumy^^Mett^^rhilS^t>ttn'ICetteTingCanferCenter, 1275 rpr*Awffi«v NewYorlci^rttrk 10021, USA^^'NatkmatCanitrlmHtme, 
National Institutes ofHet^ 31 Center Drive, Ssnmt 3A11, Betkesda, Maryiand 20892-2440, USA ^MolecuhrBiohgyand VUx^gyUffOra^r^The 
SaBilmtitaU for Biohgital Indies, 10010 NofthTofreyPinesRoad, La laOa. California 92037-1099, USA ^MeniBeseardt Laboratories, PO Box 4, 
WP2S-24>5, TTOSamnej^own PiH \^ Point, Penmyhtmia 194S6, USA ^Laboratory for MoleadarHematologyi University of P/anl^Meditttl 
School Theodor-Stern-Kai 7, 60590 Frani^urtamMain, Germany, ^^Banbury Center, Odd Spring Harbor LaborutDty^ PQ Bat 534, Cold S^ing 
Harbor, New lS>r* 11 724-OSM, USA ^^ThefaOwn labofvtorj^ 600Mmn S*«*t Bar Harbor, Maine 04609>, USA '^aOitute t^Dev^pmental Genetia, 
GSP Researdi Center, Max'Phtmk-Insdtute ofpsychiatr)^ Jnpdstaeder Lar$dstt. U $5764 Mutddt/Neukerberg, Germany. ^Begenervn Phtarmaau^foSs, 
777 OldSawMiaSMverBoad, Tkrrytawn^ New Yorit 10591, VSA ^^^Gladitont Foundation for Canlwvastsdar Disease, IMirerdty efCaUfomia, San 
PnmdsoK CaUfomia, USA ^Lexicon Genetics, 8SO0 TeehnoiogyForest Phue, The WSoodtands, Texas 77381-1 160, VSA Correspondent shotdd he 
addressed toCPA. (austinc^hnan.nUt,go¥X 



924 



VOLUM£ 36 I KUMBCR 9 | StPTlMBE* 2004 NATURC CCNETICS 



t^iaUny Animal Scumco 
Copyright 

by the Amarkon AseDciatBm fixr LBboratDiy Animal Skncnco 



April 



Special Tbpic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thomas l>oetsehinan 

Background cmd PuofoBc: In mice, genetic engineering involves two general approaches—addition of an ex- 
ogenous gene^ resoilUng in transgenic mice, and nse of knockout mice, which have a targeted mutation of an 
endogenous gene. The ad^^tages of these approaches is that i^uestlon$ can he asked about the toiction of a 
particQlar goie in a living mammalian organism, taking into account interactions among cells, tissues^ and 
organs nnder normal, disease, iigury, and stress situations. 

MeilwdB: Review of the literatnre concentrating iprizH^ipally on knockout mice and qnestions of ttnexpected 
phenotypeSy lack of phenot^rpe, redundaiicyf and e^ect of genetic background on phenotype will be discussed. 

Conclusion: There Is little gene redundancy in mammals; knockout phenoiypes &xist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes» but also may lead to better undearstanding of the molecular or cellular mechanism underly- 
ing the phenotype and to discovery of modifier gexie<8)« 



One often hears the carmment that genetically eaaginaered 
mice, especially knockout mice, are not useful because ihey 
frecpiently do cot yield the expected phenotype, or they dcn\ 
seem to have any phenotype. These expectations are often 
based on years of work, aad m some instances, thousands of 
publications of mostly in vitro studies. Examples of unex- 
pected phmiotypes, based largely on expeti^ce with trans- 
forming growth factor beta iTgfb) and basic Bbroblajst 
growth factor {FgfS) knockout and transgenic mice, will be 
presented to discuss possible reasons ibr unexpected luiock- 
out phenotypes. The conclusions will be that the knockout 
phenotype do, in fact, provide accurate information con* 
cemii^ gene ftmctionj that we should let the unexpected 
pheno^es lead us to tiie specific ceH» tiesue, organ culture, 
and whole ammd experiiinents that are ralevant to the ftmc- 
tion of tile geues in question, and that the absence of phmo- 
type indicates that we have not diacovered where or how to 
look for a phenotype. 

Before entering into how one should interpret unexpected 
knodcoui phenotypes and how one ebouM deal wi^ lack of 
knockout phenotype, it Is necessary to give a brief introduc- 
tion iato horn knockout nuoo are made. For detailed in£:)nna- 
tion, the following reviews are suggested U-4), IVansgeaic 
tadinology has had a long history; time, an introduction to 
that technoIog$r will not be given here. Rather, the following 
reviews are suggested (5, 6). At this juncture, it should be 
noted that. althoug:h transgenic vertebrates ranging ftx>m 
fish to bovids have been produced, knockout technology baa 
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to date been sucoe&slul only in mice, even though embryoni* 
stem (ES) cells have been produced j&om several other spe 
cies, including hamster (7), rat <8)» rabbit [9, 10), pig (11-13) 
bovine (14, 16\ and zebrafish (16), Consequen^y, the entirf 
discu^ion will be focused on mice. 

Knockout mice are g^erated by the ii^iection of geneti 
caHy engineered or gene-targeted US cells Into a mouse bias 
toqyst to generate a chimeric einbryo, which in tura can pasi 
on the engineered gme to its offepring. ES ceU lines are es 
tablished from the iimer cell mass a mouse blastocyst, st 
that when injected into blastocysta, the ES cells can ineor 
porate into the inner ceH xnass of the redpiant blastocysts 
thereby chimemtng them. Subsequent to transfer of the chi 
meric blastocysts into uteri of pseudopregnant mice, chi 
meric mice are bom. If the germline of a dumeric mouse ii 
colonized by cdls dcaived frm the injected ES cells, the 
mera is ta^tned a "germline" chimera. Some of the offeprini 
of the germline chimeras will then carry the engineeref 
gene in their genomen. Gene targeting in ES celle uses tht 
ES cells' BNA repair apparatus to bring about homologoui 
recombination between an exogenous DNA fragment trans 
fected into the B8 ceU and its homologous r^ion in the ge 
nome. Homologous recombination usually results it 
replacement of the endo;^nous region with the exogenouj 
fragment, thereby altering the endc^nous gene in i 
prespeci&ed manner. There are many variationfi on this pro 
cedure by which genes can be altered not only to ablate func 
tion, but also to make more subtle mutations (17—19), Sud 
procedures can be used to introduce point mutations^ re 
move spet»fic ^plidng products, mitch iBofimm, and human 
ii^ genes* In addition, technology has recently beei 
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developed to make conditional and indudbk knockouts in 
which geae function is ablated either in a developmeatally 
specified tissue (20-22) or in an isaduclble manner (23-26K 
These techniques, though ^citing^ will not be fkrther dis- 

Bxtemive nonredimdancy i» the TGfp family: Sev- 
eral ihonaand cell culture studies on the thr«e mammalian 
transforming growth fiaetor beta proteins {TGP^s 1, 2, and 3) 
have implicated these growth and differentiation fectors in 
the fiinctioil of nearly every cell type studied. Expression 
studies indicated unique and overlapping expression of the 
three TGFps (27, 28). For example, overiaj^g protein local- 
ization was fwmd in all gut epi&eHa, all layers of skin, all 
three musde types, kidn^ tubul<^ hxng bronchi, cartil^. and 
bone Cl^hle 1). Ibgethsr with fatt that aU three TGips sig- 
nal ihroui^ a oommon TOF type-II receptor (Figure 1>, these 
data stnmgly sugge&t considerable redundancy in junction. 
Consequently, it is surprising that, of the >30 pheaotypea (£the 
three 7yb knockout mice that we have described (29-31), n<me 
appear to be overlapping dhble 2h TheEe results indicate ex- 
t€3Qisiv0 nonredundancy between TGF^ ligands even thougjt 
there is conmdarable overlap in eicpression. Of ccmise, ih^ re- 
suits do not role out the possibilily of Simm redundancy m some 
tissue. Combination of the ligand knockouts would uncover 
sttdb situaticms, and it is likely that a few wiH exist, but 30 non* 
overlapping phenotypes for three ligands strongly suggeste 
that a vast number of their functiais are not reduinlant 

There are several possible explanations for how there can 
be 80 much overlap in ligand expression and yet so much 
spedfic ligand fun<^ion. First, TG^ps are secreted as latent 
peptides and must be activated before they can bind recep- 
tors (32-^5). Th^ mechanism by which this extracellular 
proeessing occurs is not well understood and may be differ- 
ent for each TGFp, Hence, ligand processing presumably de- 
t^^ineg some functional specificity for the three TGF3s. 
Second, there is a third type of TGFfl receptor, that 
can interact with ligand and receptor tjpes I and H before 
cytoplasmic si^aling can occur, though involvement of 
TCFpsKS is not essential for signaling (36-38K Association 
with tjpe m receptors is thou^it to enhance some TGFpRl 
and 2/iigand int^ctions. Upon ligand binding, the serine/ 
threonine receptor TGFPE2 then associates with and phos- 
phoi^'lates the transnfiembrane serine/threonine receptor 
T<3FpBi , which in turn initiates a phosphorylation-medi- 
ated signaling cascade. H^ce, combinatorial rec^ptor/ligand 
interactions vnD abo determine functional spedficity Third, 
signaling from TGF^Rl can occur through two cytoplasmic 
eignaling proteins called SMAD2 and 3 (39, 40) and. pei^ 
haps, through a third called SMAD5 (41). In addition, 
and 7 can also interact with the other SMADs to in- 
hibit signaling (42-44), Hence, differential SMAD protoin 
irMieractions with transcriptional machinery wiO probably 
also determine functional speciBclty for the three TGFp 
ligands. Finally, there may be several non-transcriptional 
signaling pathways for TGFps. For example^ we have found 
that TGFpl-deficient platelets from Tgfhl knockout mice 
have impmked platelet aggregation that can be restored by 
incubating isolated platelets with recombinant TGFpl (un- 
publi^ed observations). Because platelets do not have a 
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The polyclonai antibt^dies used were spedfic for residues 4-19 of TGFpl 
and 2 and rciiduea 9-20 ofTGF^, The avidin-Motm system was 
for siaMng. Data obtdped from uamundMstodKtnicitl atody of Pel^ 
«l al. {2S).Bepn}dw;^ from Yfee Joo/nalpf Ceii Biofosy^ 1991.135:1091- 
IICWS, by copyrfgbt pGrmlssioa of The Rwt)E«fe51cr UaivErsity Press. 

nucleus, there must exist a signaling pathway that is 
nontranscriptional. In summary, given the compleidtiea of 
ligand procesang, receptor interactions^ and signaling path- 

aysj it becomes clear why redundancy in TGFl, 2, and 3 
function has not been detected at the whole animal level, 
even though there is considerable overlap in expression of 
Tgfi> gene fenuly memtes. Consequentis if other gene femi- 
lies fonction with simito complejritg?; it is likely tiiat, tn the 
final analj^s, little functional redundancy will be found 
within gene familtes. 

Two striking examples of afPparent fkmctionai redundancy 
are worth considering. The first involves myogenic genea^ 
and the second involves retinoic acid receptors. Contrary to 
early interpretations, redundancy does not now appear to be 
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Figure l^TOFpsigoaJujgpathwoy.The TQFpiigaBds.TGPpl (pi), TGF^2 (p2), aadTGPp(p3)»exiefcprimarily inalatent fonn in vivo 
and are activated bj mecbamsms not yet dear. Id general, TQFpa mteratts with a ItxFp type III receptor (BIID before interaction with 
TGFp 11 ORJI) and TQF^^e I (EI) receptoi^; whereas, the TGFp 1 and TGPp3 ligands can interact directly w£ A tbo type II receptor. 
The hgand receptor cranplratEs can then asaadate wJtb several cytoplasmic molecwlfia, femesyl protein transferase (FFH and FK506 
binding prxA^-tS^ (FKBP-IS), being two potential examples. The receptoi^ligand complex signals U> the tmdl&ns through threonine/ 
serme pho&phorylatioii of a aeries of SMAD proteins (related U> the Dras&phila "mothera against decapGntapl^" P'otein) whicii thsn 
elicit transdpticmal7egulatii;m of e;UaceUular matrix, cell cycle* difTeFcntiBtion and gnnrth &ctenr i^eei^or g«neA< Tlierples of the associ- 
ated (?ytcpl8»Tnic roolecales FPT and FKBP-12 are not dear but are thmight to involve RAS pathway sigiiaing^aiid^DQ^ of signal- 
ing throw^ the SMAB proteins. 



the c^ ibr two of Uie aaypgrnc gen^ known to be essential 
^peciBcation of vertebrate skeletal musde^ Myod an d 
Myf5. Even though ^ individual knodiouts have muscle, 
and only the ooml»ned kiK>ekouts do not have mtiscle (4§), it 
is now dear that each gene functions in the spedficatton of 
distind^musde cell lineages. Cansequentb^ in die alienee of 
one source of muscle cdls, the other source may a^pensate 
for that (4fi, 47). Hvis should be termed developmental com- 
pensation, rather than gene redundancs^ On the other hand, 
with rei^E>ect to retindc add receptors^ ^ere is also good ev> 
dence for functional rediindancy Similar to the myogenic 
genes, retinoic add r^reptor gene knockout ndce have few 
phenolypes, whereas the combiaed koockouts have many 
phenotyp«s (48, 49). Whether thie turns out to he gene re- 
dundancy or another case of developmental compensation 
remains to be determined. 



Lack of phezKilTpe: As is the rase &r TGFp» there al^ is 
a muitituae of rejwrts Indicating that the FGI^ 1 and 2 have 
important roles in numerous cell types aiKi tissues. Conse- 
quently, when the Fgf2 gene was knocked out hy gene tar- 
geting» it was quite surprisidg that there waa no obvious 
phenotype {50X Th^F^gf^^' animals live a long, heaJthy life, 
and fertility and fecundity are normaL Even the pituitary 
gland, which ia the best aource of FGF2, appears not to have 
morphologic defects. The <mly ewdence &r any developmen- 
tal abnormalities is faund in hematofHiieals (50), where 
blood platelet counts are high^ and in the cerebral cortex (51, 
52), where morphometric analysis reveals decreased cell 
dendty. Cnearly^ thege abnormalities are minor, compared 
with eixpectations. This was all the more evident because our 
transgenic mice, in which the hoinan FGF2 gene was ubiq- 
uitously overexpressed by the phospho^ycerate kinase pro- 
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•See 1^bl0 3 for battonnnd dependency of 13^J fenodaut pbenfltypea, 
••DBScribed in references $4, 67. 

'Mera to pereentage penetrance among anisftnlB ttiat »urvn^ to birUi. 
*UniHibUabed objsftrvatiDnB. j « * 

Detail* oo tfes rtttaaimnf pKenotjpcs can be fovnd in the text and us rer- 

moter (53K liad veiy short le?^* suggesting an important role 
of FGF2 in boae developmmt, yet the hama of the knockout 
ammals were normal. This apparent discrepaiMy between 
Ctl8 transgOTC fiQl4 knockout mice indicates that some other 
FQf sigoala tbroii^ Ito same FGF receptor as does FGF2, 
and Uiafc other FGF is the true hgand that is important 
in bone develoimjeiit. Another pc^bility is that there is "dt^ 
velopuaenta] compsisation'' hy alternative mechanisms, la 
o^er words, the absence of FGF2 may cause developmental 
abnormalities durii^ bone development i^t are then com- 
pensated for by another developmental fmthway. This alter- 
native would not necessarily require a different FGF to be 
involved. 

After we had made our first analysis of the knockout 
mouse and did not find an obvious phenotype, it was easry to 
e^km tha 'Hack of phenoty^* by invoking redundancy be- 
cause there are at least la known Fgf genes. But in hind- 
sight, it now appears more likely that ail membGrs of this 
large gene iamily have specific fUoctionSj even though they 



signal through receptors encoded by only four receptor genes 
(54). In knockout; mice, evidence was not found for up- 
regulation of the two liganda most structurally related to 
FGF2, namely, FGFs 1 and S (50). Also, genetic combin^iou 
of Fgf2 and PgfB (50) did not reveal redundanpy bet\veen 
these similar genes. In addition, further analysis of the 
mice revealed roles bein^ played in hematopoiesis and 
vascular tone control <50) as weU as in brain development 
and wound healing (51, 52). Finally, in addition to Fgf2, 
Fgfs 3-6, 7, 8 also have been ablated by gene targeting, re- 
vealing fiinctiotts in proliferation of the inner cell mass 
iFgf4) (55); gastrulation and cardiac, cmaiofacial. fore- 
brain, midbrain, and cetebeliar development (F^/S) (56); 
brain and inner ear development (FgfS) (57, 58); and two 
aspects of hair development (Fg/5 and 7) (50, 60), lb date, 
comparison of Fgf knockout phenotypes from 6 of the IB 
Fgf gem^ has not turned up overlap except possibly in the 
cerebellum. Tbgether, these reeulU indicate that each 
gene has important unique functions, ^thou^ a few re- 
dundant functions may eventually be found on combina- 
tion <^Fgf2 with ail other Fjgf* except Fgf5, it is clear that 
6 of the 18 Fgf genes studied by gene tea^eting have been 
associated withi essentially unique knockout phenotypes. 

Tfe summarae» what ongmally appeared aa "lack of pheno- 
type" led many of us to the premattire conclusion that other 
FGFe must have functions redundant to those of FGF2. 
However, further analysis of F^ knockout mice has mnc& 
revealed a wealth of unique functions ranging fern thromb- 
otrytt^ and vascular tone control <60) to brain development 
and wound healing (51, 52). It is my expectation that airthgr 
physk)lo^e analysis of the Fgf2 knockout mouse will reveal 
ftmctions in the hypertrophic response to hypertension and 
responses to ischemia/reperfuabn uDgury and bone itijury In 
the final analysis, it is likely that the major rote of FGF2 
may have less to do with getting us to toth than with keep- 
ing us alive after birth, whereas several oth^ FGFs dearly 
have developmental roles. 

Ejects of genetie background on phenotypic varia- 
tion: From ICK) years of mouse genetacs, it has become 
that geneticbackgfound plays an important role in the sus- 
ceptibility of m«^ to many^ disorders. Therefore, the^^^^j^^^ 
types of kno^mit tiiusl strains will also have genetic 
background dependendea, as was first documented by the 
Mfl^ttson and Wagner groups (51. 62). Hhs Tgfbl knockout 
mice are an exi^ptional case in point (Ifehle S), On a mlxffli 
(50.50) 129 X CFl background (CFl is a parUally outbred 
strain), about half of Tk/^^ knockout mice die from apreim- 
plantation devetopmental defect (63), and the other half die 
of an autwmmune-like multifocal inflammatory disease at 
about weaning age (29), If the tsugeted 1^1 allele is back- 
crossed onto a C57BL/6 background, of all knockout 
animals die of the prdmplantation defecM63). However, if a 
Tgfbl knockout allele is put onto a mixed 129 x NIH/Ola x 
C57BL/6 badi^und, embryo lethahty is observe! during 
yolk sac development, not during preimplantation develop- 
ment (64), ^th respect to the multifocal inflammatory dis- 
order of Tgfbl knockout mice, if the targeted allele is put 
onto a 129 X CFl mbted backhand (50:50). severe inflam- 
mation esdsts only in the stomach (295; on the mixed 129 x 
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NIH/Ok X C57BL/6 background, the inteskines ane more se- 
verely inflamed Htnn is the stomadi (65). Floallj^ on a pre- 
dominantly 129 background (129 x CFl; -97:3), TgfbZ 
knockout mice develop colon cancer if the mHantmatoty dis- 
order can be eliminated by other genetic manipulations that 
render the mice inununodelieient <unpublished obaerva- 
tions). However, on a predominantly C3H background, im- 
munodeficient Tgfbl knockout mice do not develop colon 
cancer (66). Tliese results suggest that modifier genes exi&t 
that can significantly aSect the function of TGFpi in preim- 
plantation development, yolk sac development* bowel and 
gastric inflammation, and colon tumor suppression. 
Process toward locaMsing a modifier gene for the yolk sac 
developmental problem has been made (67)* 

What is the best genetic background for kiLockout 
mice? Because baekground-depandent pheno^ypic variabil- 
ity will likely be found for most kr^yckout mice, it wiH be use- 
M to backcross a targeted allele onto several mouse 
backgrounds to make congeznc strains, hi (Ms section, it will 
be argued putting a targeted allele on a nuxed strain 
background will also provide useful informati0n. This is not 
to say that congenic strains are not useiul Rathei; the point 
to be made here is tiiat there also are beiie6t& to looking ai 
mixed strain backgrounds. Again, our experience wi^ Tgfb 
knockout mice will he instructive. 

Generating hoirmygous mutant knockout ammal$ on a 
mixed^mtic backgmwid is fasUr, The E8 t^lls are near^K 
always from a 129 strain, ^nd the hhii^ocyst^ into winch the 
ta:^t^ ES cells are inject^ are nearly always C57BiyS. 

reason^ unknown^ this is a good comhinntion for estab- 
lishing gerndine^:^!^^ df liie injected ES Cells, The 

resulting chimeras can then be crossed wilii any strain de- 
sired, but 129» C57BL/6» or Black Swiss mice are most ofbn 
used, and CFl mice were used in the case of our Tgfbl 
knockout mice. Heterozygous offspring from this croaaing 
mil then be inbred 129 or Fl hybnds of 12& and one of the 
other strains. Clearly then, the qxiickeat route to having th« 
knockout allele on an inbred strain is through 129. For the 
other strains ^veral generations of backcrossing is ^e^- 
quired, which can take well over a year. Unfortunately, 
strain-129 mice have low fertility and fecundity. Conse- 
quently, the number of oEspring per litter is usually fewer 
than six. Although 129 x C57BL^ hybrids are more robust, 
upon backcrt^ing onto C57BL/6, litter size decreases, lb 
the contrary, the Black Swiss and CFl strains are robust, 
and litter size often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, bat 



rather are partiaHy outbred through random breeding 
within their respective strains. Therefore, one of the choice 
one has is to stay wiUi "pure" genetics at the expense of a 
lower production rate and considerable delay befcre genera- 
tion of experimental animals, or sacrifice some genetic pu- 
rity to obtain a more efBdent production colony Ideally, one 
would want to do both, but this often is too e^^nslve. 

Mixed genetic background knockout mice often ham a 
wider rangB of phenotype^. The Tgfbl knockout mice back- 
crossed onto either the 129 or C57BL/6 background 
(congenics) yield only embryo lethality (63, unpuhlished ob- 
servations). On the other hand, when the knockout allele is 
maintaiued ou mixed genetic backgrounds, embryo and 
adult phenotypes are maintained. 

The Tgfb2 & Tgfi)3 knockout mice provide further ex- 
amples. The Tgfb2 knockout nrice have more than two dozen 
congenital defects and die eitiier immediately preceding or 
during birth, or within 2 h thereafter (30). Ihble 2 indicates 
that most of the phenotypes are only partially penetrant. 
Tboo^ it is not documented, it is likely that the penetrance 
of some of these phenotypes would increase to nearly 100%, 
and some <^ the other phanotypes would disappear were we 
to put the Tgfb2 knockout allele on inbred backgrounds. 
Hence, the mixed strain bacl^und probably provided more 
iuformation tlmn. would congenic strains. 

Hie TgfbB knockout mice have a cleR palate (31). One 
colony of 75gfb3 knockout mice was left as a mixed back- 
ground (129 X CFl; 50:50) strain, whereas another colony 
was backcrossed seyeiid^^^ 
These twp c^lM^^^^^ 

enoBs; the inbred colony liad more severe defting than did 
the mixed bad^onnd t»lonjt In latter, expr^sivity of 
defting varied widely from animal to animal. This voriablo 
expressivity within the nuxed background colony provided 
us with the opportxmity to obtain far more data on develop- 
ment of the deft palate and was, therefore, more useful for 
making assumptions about the cellular and molecular 
mechanisms by wMdi TGFp3 supports palate fbsion. Hence, 
using the TgfbS knockwit mice, ^ mixed strain background 
provided more information than did the congenic strain. 
C^nsequ^tbv a wider range of penetrance and expressivity 
of phenot^ is a migor advantage of investigating knockout 
phenotypes in misnd background colonies. PHirthei; variable 
penetrance of phenotype in a mixed background cobny sug- 
gests that there are modifier gen^s for each phenotype that 
could be obtained by linkage studies. 
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Conclti$ions 

Questions have been addressed that arose from to last 8 
years in which knockout mice have beeaa investigated to ana- 
lyse gena funcfclon at the whole animal level These questions 
conomi ^ne redundai«rji apparent lack of phmio^pG in a sur- 
paimng number of laK)dbo«t strains, and effects <f gendk ba<^- 
ground on knockout phenotype. Using data obtained 
prinajKalfyfironiOsS^ andi^'gfkncKicc^ it is argued that 
^n^TB is probably little r«dimdan(y in the gmome {ia, that £m 
genes ate dispensable for survival of the specie). Apparent 
lack of phenotype more lil^ refkscts our inabi^ 
ril^t qufistos, or our lack of tools to ansvtfer them, 
a true lack of fencHon, Finalij^ discussion of genetic back- 
ground pheno^e variability, induding variable penetrance 
and espre8smty» was used to present siHne of the advnntagesof 
working with mixed gm^Btk badjgfound cokmies of knockout 
mica For all the examplea given here^ there are ojunter ex- 
amp^ that must be taken seriously; consequent^ these argu- 
ments must be taken as ahsdutes. For example, if a ^ne in 
a partacular mo«se staraiii has recentfy been duplicated, it will 
most Kkdy be redundant If one is studying tissue r^ection in 
a knodbmt mouse, ih& genetic back|prt>und dmoualy must be 
weU defined and jMPeferahfy inbred. Oi; if one wants to use the 
suBceptihLtily of a particular mouse stma to cancer to investi- 
gate the toction of the knottout gene in progression of that 
cancer^ the knockout allele must be put on iixat mouse strain. 
In general^ however vslKai siting up ai5)it>^^ 
ing a new gene knockout mouse, I believe one isfould be well 
advised to assraae that: there is little gene redtmdancy in 
mammals; there ore knockout pSienal^fpes even if n<Hie are im- 
medietely aj^arent; and investigating phenotypes hi mixed 
gen€^ backgjrmmd colonies mey not onfy reveal nmire pheno- 
t^ypes, iHit m&y lead to b^^ter undeistandOng of the molecular or 
cellular medbaniam underling the phenotype, and may lead to 
modiSer gene discovery. 
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the target gene in a particular place or at a particular time. The most conunon of 
these recombinatian systems called Cre/kcc is widely used to en^eer gene 
replacements in mice and in plants (see Figure 5-62). In this case the target gene 
in ES ceQs Is replaced by a fully functional version of the gene that is flanked by 
a pair of the short DMA sequences, called !ox sites, that are recognized by the 
Cre recombinase protein. The transgenic mice that result are phenotypically 
nonnaL They are then mated with transgenic mice that express the Cre recom- 
binase gene under the control of an inducible promotet In the specific cells or 
tissues in which Cre is switched oo. It catalyzes recombination between the lox 
sequences — excising a tai^et gene and eliminating Its activity, ^milar recombi- 
nation systems are used to generate conditional mutants in Drosophila (see 
Figure 21-48). 
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Figura 8*70 Summary of th« 
procedures taed for makmg 
replacements in mk£. tn the ftrunep; 
(A), in altered version of the gene h : 
imroduced Into cultured ES (cmbryotK . 
stem) cells. Only a few rare ES ceils ^ ' 
hxwi their corre$t>ondirtg normy ^stm \ 
replaced bf dw altered gene thnx^ » " 
horEK>lo£Dus f^combUntion event \ 
Ahhough die procedure Is often Izbork)!^ 
diese rare cells can be tdendfied and 
Oilcured to produce many descenduio, : 
each of whidi czrr'm m altered gent In 
place of one of hs two normal 
corre^>ondiftg genes. In d»e next of - 
the procedure (B). these aicered B ceb 
are tnjecced Into a very earfy mouse 
emtHTo; the celts are incorporated into 
thegrowngcfrtbryaanda mouse 
produced by such an embryo will catasn 
some somadc celfa (indicated by otms^ 
that carry dje altered ^ne. Some of cbete 
mice will aho tsntain genrTv4ine cdb rfi* 
OMiialn the altered gene. When bred wtt; 
a normal mouse, some of the progciv of 
dieie mice will contain the altered gfcne lb 
all of didr ceSs. H two such mice are in 
turn bred (not shown), some c^ the 
progci^ will contain two altered gene* 
(one on each chromosome) ffi all of ther 
celts. 

If the origtftal gene alteration coR^te^f 
tnacdvates the function of the gwte, ih«se.. 
rroce are known as knockna n»ca>^/J»« 
sudt rnkre ^aJiK^rntssif^ genes thiat fwwitoo 
during deve|c^»nent they oken (£e ^ 
specr^c defects toi^ before cbcy reach 
adutdwoAThcse defects are car«^ofiif 
analyied to help decipher the normal 
function of the niHSSiag gwe. 
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r^sgenic Rants Are important for Both Cell 
and Agricufture . 

a plant is damaged, it can o|ten lepair itself by a process in which mature 
^g^ieoti^ted cells ''dedifferentiate^'' pioiiferate, and then redififeientiate into 
cell tj^jes. In some circumstances the dedifferentiated ceUs can even form 
a0 apical meristem. wtdch can then give rise to an entire new plant, including 
gajnetes. This remarkable piasdcity of plant cells can be exploited to generate 
^^^^sgenic plants from cells growing in culture. 

-^hea a piece of plant tissue is cultured in a sterile medium containing 
outttents and appropriate growdi regulators, jnany of the cells are stimulated to 
pff0emte indeflniteljrin adisor^panized manner, producing a mass of relatively 
yjidifferwitiated cells called a caliusw If the nutrients and growth regulators are 
f^x(^^ mai^pulated;, one can induce the formation of a shoot and then root 
jpical meristems within the callus, and, in many species, a whole new plant can 
l«icgenerated. 

Callus cultures can also be mechanically dissociated into single cells, which 
ml! grow and divide as a suspension culture. In several plants—including 
tobacco, petunia, carrot, potato, and Art^idopsis—^ single cell ftom such a sus- 
pensipp culture can be g?t)wn into a small clump (a clone) from whidi a whole - 
plant can be re^nerated. Such a cell, which has the ability to give rise to all parts 
oltt»&oiganism. is considered totlpot«it lu^t as mutant mice can be derived by 
gen^c manipulation of embryonic stem in culture^ so transgenic plants 
can be created from single totipotent plant cells transfected with DNA in culture 

Ihe ability to produce transgenic plants has greatly aa:derated progress in 
many areas of plant cell biology. It has had an important role, for example, in iso- 
lating receptors for growth regulators and in analyzing the mechanisms of mor- 
[rtu^esis and of gene expression in plants. It has also opened up many new 
pos^nlittes in agriculture that could benefit both the farmer and die consumer. 
It has made it possible, for example, to modify the lipid, starch, and protein stor- 
j^ge reserved in seeds, to impart pest and virus resistance to plants, and to create 
modified plants that tolerate extreme habitats such as salt marshes or water- 
stressed soil. 

Many of the major advances in understanding animal development have 
come ftom studies on th^ fruit fly Drosophila and ^e nematode worm 
Caenorhabdith elegans, which are amenable to extensive genedc analysis as well 
as to experimental manipulation. Progress in plant developmental biology has, 
in the past been relatively slow by comparison. Many of the plants Chat have 
proved most amenable to genedc analysis— such as maize and tomato— itafve 
kmg life cycles and very large genomes, making both dasslcal and molecular 
genetic analysis time-consuming. Increasing attention is consequendy being 
paid to a fast'g^wing smafl weed, the common wall cress (Ambtdopsis 
MianaX which has several major advantages as a "model plant* (see Figures 
1-46 and 21-107). The relatively small Arabidopsis genome was the first plant 
genome to be completely sequenced. 




Hgure 8-71 Mouse with an 
effigineered defect In fibroblast 
growth hKU>r 5 (FGF5). FGF5 a a 
n«;plive regiriator of hair ftMmatfon. (n 2 
mouse iadong ra=5 (rtah^, the hatr is kng 
compared with hs heterozygout ftttenrttte 
fteft|.Trans^nic mice with phenotypes 
that mrrac aspects of a vaHety of human 
di$onJe(X including Atzhebnert disease, 
atherosclerosis, diabetei, cyittc fibrosb. 
and some type of canc^s* have been 
^neratedTheir study may lead to the 
development of more effective treatments. 
(Courtesy of Gall Martin. *ift>m J.M Hebert 
et ai..Cdl 78:1017-1025, im® Bsevier.) 



Collections of Tagged Knockouts P^ov^cle a Tool for 
^><^iir»fnfng the Function of Every Gene in an Organism 

^J^iK^ive collabotadve efforts are toiderway to generate compnE^emive libraries 
^^^««ations in several model organisms, including SL cerevisiae, C el^ans, 
*^^hila, Arabidopsis, and the mouse. The ultimate aim in each case is to pro- 
™fe.a coUectilon of mutant strains in \vh!ch every gene in the organism has 
been s^tematically deleted or altered such that it can be conditionaUy 
?^ted. Collections of this type will provide an invaluable tool for investigat- 
^ gene function on a genomic scale. In some cases, each of the intUwdual 
"Wnts within the collection will sport a distinct molecular tag—a unique DNA 
^^'J'^ce designed to make identification of the altered gene rapid and routine; 
' to S, cerevisiae^ the task of generating a set of 6000 mutants, each missing 
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Which exi^cnii DMA h i n trodaccd torn a bacterium 

mto a hosted!. ITiemetoiismi^sem^ ihat of bac* 

tcn^ amjugatioD. Ba|?re^on of the bacterial PNA in 

Its new hm changes the phmotype of the ctU. In ihe 

^ple of the feacten«m Ag9x^ersam tum^heim^ 

the rmilt to iiHfuM^ timior ^mnation bv 
plant cdL 

Alterations in the reJatirc proporiiofis of c«?njpo- 
nmu of the genome durm^ soma^c development 
occur to dlow insect larvae to ma^ the tt^imber of 
a>pie« of obtain genes. And the occaaond implifica- 
Uon of genes in cuftuitd mammalkn cells b indicated 
bf our abiUty to sselcct vajriant cells with m increased 
copy number of wwue gerie*. Initiated wid)itt the 
^ome, Ihe amj^ification event can oeate addidond 
copies of a gene that survive in either imrachro moso* 
mal or atii:;ftdiromosoatai form. 

When extraneous DKA is introduced into etifcary. 
otic ctDa, it ^ve rise to mrachromps<Knal fmm^ 
ot msjr be iote^Qted imo the genome. The rciatiomhip 
between the exlrachromosomal and gmomk h 
irr^lat. depending on chance and tosoimdegrotin. 
predictable events, rather than lesemblii^ die i^gu!ar 
mtcrchangebetw^ft free audinti^nit^ formsof bac- 
terial pi^mids. 



Yet^howevtT^oompMed, thep«X)t^i^^ ^ 
stabie change in the geminie; toSkmm& its iniectin. 
mto aniniid e^, DKA n«iy ev^ beine^rpoE^ 
the genome and inherited them/kr as a n^mdlT 
poftedt. someiiin^ conttnuiB| to auction. UiJZ 
ONA nuiy enter thegcnnlbeas^^liu thecoma. 

rT^'T^'f mtiodace J: 

ciOc^es thai function m m appropriate ^tZi 
could become a major medical technique for ctu|^ 
genetic dise^es. ^ 
Hie com'erse of the introduction of new ^cnea is 

Additional DNA can be introduced within a ^e to 
prevent expression and to generate a auD alkie 
Breedmg&om an animal with 9 tiuD allele can generate 
i^'^^l^^f^^^^^^vhidiiiasiioactrvtc^^ 
thegene. This is a powerful method to inmtigai df. 
recti)' the rmportance and function of a ^ne. 

Considerable manipulation of DNA sequences 
ttocfore IS achkvsfd both itt authentic niuations and 
by ^erimentai fiat. We are only ju^t be^innins to 
wodc out the mechanisms that permit Ae cell ^^re- 
^nd to selective pressure by chaiigii^ it^ bank of ^- 
qu^ces or that ^ it to accommodate the intrusto 
ot aadmonal Sequences. 



Tl» matiiig pattiway Is triggered by signal 



^T-te y<^t^ cerevtiwir can prc^te happily in d- 
X ther d>e haploid or ^pM^ condition. Cottversi<m 
betw^^ ih«e states takes mating {bmon of 

haploid spores to give a diploid) and by sporuktion 
(meio^is of dif^oi^ to give haploid spores). 11^ aT>iJi^^^ 
to engage in these activities is determined 1^ the mai- 
mg type of the strain, ^ 

marked xn %ure 17,1. We may view 5^ ^ ,est- 
mg on the teleo^cal proposition that there is no 
point m mafang uito the haplolds are of different 
fioietK^type^ and sporulation is productive only 
whcd the dipbid is heterozygous and thus can gen' 
emtc recombinaBti. ^ 
The mating t>pe of a (haploid) ccD isdetermined by 
megenctic information present at the A£4rroctis.Cc|fi 
that carry the MjJh allde at this locus are t^ a; Bas 



wise, «ib ti^t carry the MATa allde are type CL Cells 
of opposite type can mate; cells of the same tv»e 
caunot, 

Hecogjiition of of opposite mating type is 
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Preface 



over tlw past ioi years k has become possible to fflt^ csscntiaHy any muta- 
tion )D the gj^toHiie ot mk» by ^Ma^ rcc«ttltoticm and embryonic stem 
(ES) ocll*. Hoinolt^cMis reoc»nl»natia(ii wheft appfied to iiltermg specific 
endogenotts rctored to as gjrpc iafg«tit)t. provides the hlghcs^ tevd of 
control ov^ prodiidng muiations hi dofied geocs. Whea diis U combmed wilb 
^ spedfc nxomblnatiai^ a wWc rasjige of i» 

Ikes are rcmaf kairfe since after beli^ est^itislicd torn z felastocgfsl, tbey can 
be culmred aod m^puiated reUavdy csssiy 'm vitro and siiU matntom their 
ability u> step bat* into a nmml dcvctopmeulal prq^yam when wturaed to a 
pre-iit^nlatfcm cdbryo. With the CJCpOQ^IIal increase 'm the nundjcr of 
genes idamified by vatious genome pro|eets a»d genctBc sctefens» it has become 
impetativc that efficient methods be devel(4?«sd te determli^s gene f itnakm. 
G^^t^eikg'mESccIbotfmiipoweTMappjo^iitQ 5^ 
a mammMian piganisnu Gems trap ap|woaChe& in ES ceBs. in particular wbcQ 
tbcy 4t« comtwncd with sophisticated prc^ormis^ offer nol only a route to gene 
cBoovery, but also to gain infbrmatioii on ^nc »qtt«i}0&r cxpre:raab« and 
mutant i^ietiotype. 

The kmk tocology nec^sary maldog (^j^^er miOatiOits lo imcc has 
bcQome ^^espresd suid reseaichcis who hikve tiatfitkHiaf^ used cc« laology 
<H- Bio^^ar expertd)ents arc addii^ geae targeting tethalkiti^ to their i^r- 
Uto of ^xpmmtai approaches. A second editton trf this book was writteo for 
two main icasott*. The first was to Update prcviouj^y described ted!iii<|tt^ 
to (Mid new techniques thai have greatly expai^ed the types of mutMoifii that 
can be inJide using rocombtoation in ES o&Us. A ^^apter in thi^fiew edition 
descrU>e9 the dcragn ami ose of sate spedftc recosntenatido fof gene targetii^ 
^p^<k^u^he5 snd li^iM^ion of conditkml muiadcMis. The secood i&mn fof 
the new booU was* to provide a more in depth d^t^iofi of the experimeotal 
design cotfcsldefaikins that are ciitical to a (u»eoe«^ ggne taiBetiBg study and 
to add spi^dics for analog mutant f^enotj^^c^, the most imcrestmg 
ptft ol an experiment Gene targetutg expertmcnts shoukt be deagpcd to 
go far beyond mstkm^ a nnitiuit Ittoi^ The suct^ of » gene targeting 
expcrmicnt no kmger tics in the nMlking o* the mtit^ttOH, bm depco^ <ws ^e 
hna^ative amJ insighifid ansklysis of the mutant phenotypis ttmt the mutation 
provkU$. A chag^Ufj in thi* mSatim describes the use of clas^cat gieaetics in 
ownbiuation with gene tailing to the most out ol a genetic approach to a 
btok^g^£alqu6^i<ni. ^ 

The nature of in vivo gene targettnB atinfics of getie fonrtion are «ich that 
crilicd desi^ dcdsHms mm be n^c at every step in ttw eatperiment, and 
each deciskm am have a major impact on the value of ttie mfonnation 
obtained. From the ^art, the type of nnrtation to be mskde imust be caasidered 
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csax^Mty- Whereas tO years a$o most mutation mm de»lg»^ to create null 
mui^tiDas and vccre therefore relatively simple to at pircseiit^ a null 

omtatioab only <me Umg Ust ofjailita^octsi that can |» made, cadi piovid- 
ing di^cfCBl insigjhl into ^ fmnctlon Qt a gene. !^CHnt mutatuKOS, large ddb- 
tiocis, g;eike exclmi^es (fcnoc^-lik?) a&d conditiona] inEitaidon$ lare but ^ few of 
the <^M>lce8 Ofie faces at flic start of a ^ne tar^Uiig mtp^dxomU TNe next 
choiee 1$ tl^o source of DKA for the targeting eo^ilme^t md ES cdl Ime to be 
ii$cd Cor the maatpuiatkms. Once miUftat ES ceO d)on« has be«R otoiaed, 
there are ttten a muaber of dtemaUve «ppioachc9 that can be used to malce 
£S c%0 dumtras thut depend oo the BSoell te: wfakb used fmaily. and 
most im|>OTt^tily, Is ibsi msXyuB of any pbcuotype thai erbes. Thds seccmd 
addttlom discuss^ techniques used to analyze sEUitani mkt^ t^^^^^ from $t4d» 
dard descriptive cvalu^ion^ to a chimeni andysis or cotnpycated breeding 
experimtn^ thai titlilse double mutatis. K mice siisrply coosieter^ a$ a 
'b^ of ceUs'^ or an kt \ivo ^nin^ orsel«ct<Nl od type$. ttien the tremendous 
resource which mk^ offer ^ a model orpata m not being realcscd. Hie life of 
a mouse represents a contiiiuinn of ^lyiiaimc piooesaes, itidudmg pattmi lor- 
malik)]!, oiigjan development learning, hCMitec^t^ and lisease. By msMng 
^oictic Blt£^tioa& in mice gt&e tMgeiif^ £S ceOs. ^ effects of a 
gtvtd ehdi^ ca» be i^udSed in the context of the i^MIe orgaite. 

My In ecBtmg tlU$ boolc was to provide a manaal that could t^ a Dew- 
confer to the exciting field of gene targeting and nmtant analyst m mice from a 
cioned gene to a b^c tsnderstaiidhig of ihe geti^c appioftches available ti^i^ 
ES cdls, how e^ich teclmlqw can be used lo design » paittol^ to vivo test 
of gene function. The book should afeo prondie a vahiable bencti ^de resource 
fcH' anyane carrying out gene targeting or geaie trap experiments, a dunKcra 
analy^ or clas!»(^ geoetie aptm^acto. I would once tike to extend 
many tiianl^ and my deftest appreciatimi to ail the aythars tot ihetr great 
elfoit$ in inch^g derailed i^tocol^ and tald dl^c^i^^tom of the vsmpIous 
appToadies pre^nted. I would abo hke to thank my fanuly for their strong 
support and labomtoiy members past and {Nissent helping to make gene 
targeting a realty. Finally^ sinoe many of the tedbmqnes mke, the eiq>eri- 
ments isi^U be cmed out tn aomdance with local relations. 

NewY<wlL,NY A.LJ. 
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1* Introdqction 

When 9 fragment of genomic DNA is mtroduood into a naammatkil ceil it can 
locate and rccombiDc wiili the tftddfetKius bomok^ous seqaei^&s. This typ* 
of iHmtobi^ t«camb^niitiO(t3« known as ge«e tMg^ams. is f nl^wt of iU$ 
chapter. Gene tafgetitig beea wiclely useO, par6«iiafty in mouse em- 
biyoiik $tcm (ES) cells, to make a variety of mutatioi^ in many cHfierent foci 
$a Ihatl: the phenoiypic conseqiDcnocs of specific gjcnctic modiBcatkms can be 
a$»»3ed in the or^nism. 

tlic first ^^Eperiitieiilsl ^vid^ce for the occomnce of gcna targettni; in 
mani^kii ctSs was made u$ing d fthrol^last Kne with a s^ect&ble 
art^taJ loais by lin ef at (I )^ and was snbscquentty dcmon^mted to occur at 
lie endi?genoiis ^^bin gene by Smithi^ eioL m erythrolettkaenlia cdls (2). 
In geneni], the fireqi»end^ of gene latigettug in tmmm&^n cells are relaii vely 
lo^ amii>dr^ to y^m ceils aod this is t^x>b*bry related to. at tot tn pan, 4 
ccMmpetii^ pathway: cffieicnt intagralicHi of the tfrnsUscitid DNA into a ran- 
dom dift»ao£oraal uic. The iciativc latiQ of taiictcd iq naOcis mtcgratism 
events vfin determine the case with vfhidi tainted dones arc identified in a 
lariating ^sq^nmmu This chapter detaib a^>ec4s of vector desigaa whisdi 
can daeriniim tjje efiSi^^cy or reoooiblimtta, the type mmatlcm thai may 
be gci^rated in the target loois, as weB as Ihe sdcc^ioa and screening 
stmte^ which can be used to Mentiiy ck^e& €^ MS oells with Ums desired 
targeted raodiikation. Sif^ the most commcm, experimental slmtegy is to 
ablate the fttnctioti oi a gene (jmdi aiiek) by introchidBg a s^ectable 
marker gene, we initial^ <k$cr)he th« vectam and die selection sdiemes which 
are helpful in the identiScatlpn of TccoanbinaBt dlonc9 (Sections 2-5). In 
Section 6^ we describe the vectors and additioiaat considciBtions for ^oer- 
attng subtle tmitattom m a tairget locffit devoid of any oeoj^notts ifequence*. 
Hoal^^ Section 7 h dedicated to the use gene targetiog as a method to 
^C5s exogenous genes frcwi sp&^ eiidogeiM>ii» r«giflat€wy element in 
Ww, also known a$ 'knodc-^o* strategies. 



i: Cmie tar^ting, pfint^plm, and pm<^(^ in mammaliQn c^/s 
«nrkb pc^tatSons of traMfectcd ocDs for largete^i intcgradon tvtm (Section 

2*1 I>esign<»iirtderati0iisofar«placfiiiifiMv0i^ 

Hve prmapal co«sidcraiidit la the <lesig» of a teplaoeaieol vector, Is the type 
of miilatkid gtsmsratcd. Sumd&ry (yet stil! impomol) considciatkjrts fetete 
pa tha scfe^SoB ^dbetae atid screening ttdmlques Tcqutrcd to kolaU; the rc- 
oomlnniint diota$, Tbfi recDrafemant attetes generated by it^bcmeu* vcciois 
kypkaiV have a s&lediQai cassette iss^rtedi into a coding eacoii or r^pfecu^ part 
x4 the locu*. It is important to c^oadcr that, exoa hitenupftkms and msM 
ddi^kHis wiU »ot iwoessairi ly ablate the fimctiow of the target gcoe to g^ate 
a as^ idkte. Consequeniay, it is neoessary to confirm tha i the aUele whtt has 
been geiieiaicd is null A aiwi/w protein anatysb and isi iB»iiy cases 
traiisefi|»ta aikd trunc^rted poteins itom such a mutsnt altele can be d^oct^d. 
OMci^dcni^ that products feom the mutated Uxm toay have 3oo»e fanctioft 
(nomiii ca^ abnormal) It is impoitant to design a tepiaoement vcclot m thsX 
Ihe targeted aPeie b ntdl, paiticitoty in die al^ce of a ^pod MS&y im the 
gene product. Disn^on or deletkm of the coding sequence by pOf^tive 
selectk^ inartcer will ttt most mstaiwes ablate a gene's function. However in 
some situations 4 iniiM^cd protein m«y be ^ncrated which retains sonie 
N<^o^kj1 activity, thns some knowiedgfe of mutation m a related gene iis 
anoth^ orgiitmsm can be bei^l in the detendtiuitioti of the possit^ toctioti 
of a tafgetcd allele. NuH aHeles are more likely to occur by qj 
reeomMmag a selection ca^tte into mote S' exons mther th^ gjcdib that 
encode the Otimniniis of the pr^Hein^ since under these srcan^tances 
jsMtm} poriiom of the wild-iypc polypeptide wwld be niade. 

There arc scvc^ eo«tsidcraliOTs to talce tSito aooistint i».iiei» a pc^iliTC 
sctectmn market IS to be inserted into m ejton. One crttkai co«siderati0n is 
thai the lci>gth of an cxdn eaa mfluence RKA ^Mng (3), ^ artifidally 
large exon caitscd by the insertion of a s^eciabk niarfeer may not be 
recognized by the isptolig macimicry and cmild be 5kip|>cd thus, tr^il^cnpts 
mitiatcd from the eiadogcnous promoter fl^ delete the mtktdted exon torn 
the mRKA sp^^ies or even ndditiofial ejKMia. If a skipped exo«i is a oodbg 
exoo whose BiKleotkte length fe not a multiple oi three (codon) the net result 
win be both a dcfedaoa «illd a ftrame-shift muftatioo <^ the gene, whkh wtK 
often generate n nuD ©llele. However, if the disrupted coding exon has a 
aiideotide length ^^hkh is a multiple of (hree, if spliced out, this wonW resuK 
m a protein wl^ a i»naU in-femie detetkm whidi may letain parti^ or com- 
l^le fmmm, Itm same concept ^Im to gene tai^eting v^irtors in whidl 
ex«E? bejng deleted and r^laccd by the selectable tmsk^t. Deletion of 
exoa or group of eatodS with a unit number of codcww may aho lestllt III a 
j^m^icHtal piotem product with an in-^iame ddetkm. For most purposes it is 
advbtabk to ^le«e portions or all of the tar^t $;cna; so th^t the g^etic 
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1, inrnxiuctioii 

Hie disoQvciy ih&i cloned DNA Introduced into iksnc culture ceils cam 
(iiid6t|^ hdntoldgcH£s rc^omhmatian specific chttHnosomal tod has 
!revtlutiO£ilz&d ^btMty to study hmction m c«ll eullure find m vivo* In 
theorj^i ttds l^c^ttique^ termed gcoe largetiDg, attoiKrs ane to gtntmit any type 
of muuiioB ill my clooed geoe. Hie kmds of mutations that can be created 
indttde null mutiitLoiis, pomi mutudos^ dektioms of spedfte fU5cdooai 
domains, exchanges of ftQCtion^ ^ima^jm from related genes, and g;alii>o^ 
ftioctkm mutation in ifvtiicfa exo^noos cDNA sequences axe Imcrted 
^^^m 10 eodogeiKms regulatory sequein^ In ^n^tple, &udi ^>eafic 
genetic alter^ttoris cat) be made in any oell line grouimg In culture. However, 
not all oeJi typ^ can be mamt^ioed ut ctdture under tim coaiditioiK nec^sssiry 
tm trftitsiectton and sdcctkm. Over t&n years ptunpotent embrycmic 
Htm (BS) eelh derived horn the inner odi i»a$$ <ICM) dl mouse blastoc^t 
ste^ embryos «$olEklcd ^Lnd conditions defined for ihm ^r^>og^tion and 
matntenan^ in cuttm« <!, 2). cells resemble IKM i^is in many f6:^)cct6, 
mdndifig their ability to contribute to all embryoiJic testes m diimerk nnce. 
Using £truig!$ilt CulUtfe coadttkmB^ the embryonic develo^eotdl potential of 
ES a:Us can be maintaiii&d ^olkrndng genetic man%»ila^f^ ai>d «iftcr many 
{>ji£!^ges in vitro. Furilj^rmore, penoiment mouse lines carryiDg^eotetic alter* 
atimis ktrodttccd into ES c&M oin be obtained by transmitting tbe mutalion 
tliiotigh the germlinc by generating BS «eU chin^ns (described in Qwptcrs 4 
and 5), Ihm, applying ^ne targeting teeh»c4o^ to ES ocMs in culhirc affoncfe 
researchers the opportunity to modi^^ endogenous g^iie* emd study th«r 
Ihmt^on in vtvo. In initial «luaie^ one of tJie mam <M^gi^ of gene laigcting 
to {^stlnguish the rare homologous recombination events tttm tismt com* 
mofify occurring random integrations (dbct^sed m Chapter I). How^eycf, 
^diiacoes in cell culture and in scleciion sdiem^ m i?«C4or constnutlon u^g 
^o^k DNA, and in the apfdlcatKon of rapM screening procedures have 
tnisdc it possible to identify homokigoiis mx>inblikatloa event* efficibnity. 
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tai^el«d miitation of gows ex|»itssed In ^ fio^voiis systcni i* to cxcttb^g dew fese^dk 
fktd that is fo^ii^ a rcmarkabSe jUKia4|E«m of mc^ecmlar geiietics bdjavlofal Deuro- 
$defice. My laboiamr; in Betii^^ has bef» fbe fortius ttn^ig^tm of visits fnm many 
jAoWcubf gcnctkistft over the jxast fwe yc^, wbo come to ^ *^WIJSt1i wnm^ with agr 
mouse? Can yxya 1^11 it$ hclMrvMHS arc atsKHtrtai in o«»r m«ll mulania? fi^hsmdo you 
mcasore bclmior, ttto^wa^?" 

geneddBts in tb« KationiJ ta^^i^ oiVk^ («lrsim^ Reseaidb smd ^ifdUgh* 

tbe wi»m biaiQ. £ad} of tticsc coilobomiow baj bce^ a Icammg vspm^m^ bcri^mg 
our imdnstaoding of tibe opOiuftl csqi^eaHanenml ib:s^txwB^f^htW^f¥:^ ptootypcs 
of miitani miccw WbM the belt to adtfev^ eadi specific }3(ypD^)i^? Wbich metb- 
ods vmrk best fbf Wwi* 

noW What aie (be hkl4ai p^&Us, fenluiig artLn^ &l$e positivess and &]sc negstwes? 
Whkh iftatbtical test* arc nwst S£a2s^\^c for tk^jCNS of the g^aotypc e£Bect? What is tbe 
nuntiinknft miiJtlMf of ananals necessuy ibi ' g, e m i ty jp< i » ^eodei; and age? Our blK^dttiNry 
and many otfeeis ait gtathialfy wDilaHg oj^ 
fr3iis^{«:tik sad bwclcDiit 

lo tbe same cokvms^ohs, molecutaar gett?tk^ fi«^^ ^^omJ rac to re^NTtst^e^ » 
boc* th^ could axisuH to ton more^ ^^bo^tti^b^ tests 6)f nnce. Af^^dtttK^^ SCI* 
^tific book {wMuilicrs aie xeoelvti^ ^naijtor^qwnes* Ann Bayk and Rot^rt K»i&$too a« 
John Wiley & Scm% oomiacesdOf a real sik^ a booK swcct-tallced mciikto fHlk^ 

the vrad. mmyWrons^hfyMmmTn 

cists, and for fee catented stud^ wto wll luod^iiivi^ Ibfce in wvliig Ows field 
On d personal level, I ^fSQxMVaEtM^isis^^ to Mlof my bdiavioral 

tute. eowtrMoos tp tike isixel^^i^c^^bi&g^^ bdiavkiral tests pnmde 
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The cfiflcBse b ii^i^itcd. ftoi^y ped^^ ifi^^ 
io a» Tl» syni^twm d» cfiKa» ate pimmtjr 

Ecplaccnttat gow tht^py is the bf^ But y«u know ttw gtfie pw^t, you 
doai't IdMW ii$ fte^ and >^ d^** 

lliese ds^ you inay dboose to 8ftft a j|ar^^ 
sKHise mo^ tw«^*a*y ^ 

fe^pQllj»l)le^3ic is dcvttk^l** coossrac^^ ittserted into the mm^^^Kkaa. A Mite of 
c«5^«ri!wn to manaial 

tllatEd. Tbcse d^^!^ aahs are to a«ed 
of ixc^niaits. I^Ets^vt irtatB^Qta ast tK^ 

cr rvvoses 1^ di$eaBc iiaSts k the 
poteatfbl ti^t^emic treaJtraem 

scribed ki Qj^iief 12. Ill fee fi^ta^ ni*^ 
to dbidbt^Etexiag n^laccn^ geil^ 

tbig^ gene inotetJi»i k t»k« fqinsrart* a dew 
medical ttscanit lHi»*geife mk» lav« to «^ 
isiia 0^ s instttcd kto tbe imaisc gjHiome to- 
a t»ew gcOTO b adilcd to i* aot naraialty ^te^ 
be aterrat foita of a Imman gei^ 
die tRiaum Asi«ri*^Srfjf gra>c is a5d^ to 

HendngtOfi's disease. Kii«cluml mace have a gme 4^^^. Hie PuB Hmtant liooHizysfHis 

I 
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knockout Biaase is dcfidiaa i» bottidiehss of ageiie; tfac hi^ma^^ is dcTideat k ooc 
of it8 mo for the giaie. tlbe i* fortiic imO mtttent, +/- ^Oie fact- 

^rygotc, ^ '►/Hh fOT tbe wil^e scktb^ ttmmA. The ^tms^typt is^m^fob^ 
served characteHstks rraultii^ tei the mu^a. Pbcao^f feidiidc biodb^cal, 
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DKCLARATION OF ROBERT DRTSCOLL PU RSUANT TO 37 C.F.R. § 1.132 



CommissioneT for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, Robert Driscoll, residing at 23 Chicory Unc, San Carlos, CA 94070, hereby declare: 

1 . I am presently employed as Vice President of Intellectual Property & Legal 
Affairs at Assignee. Deltagen. Inc., in San Carlos. CA. I have also previously served as the 
Company's Senior Director of Intellectual Property, in which position I managed and oversaw 
the Company's intellectual property portfolio, including the Company's patent filings. I possess 
a Ph.D in Chemistry, received from the California Institute of Technology. I also possess a J.D., 
received from Loyola Law School, Los Angeles. I am a registered patent attorney (Reg. No. 
47,536). 

2. I am familiar with the above-cited application. I am familiar with the Office 
Action mailed December 15, 2004. I am aware that the Examiner has rejected the claims, in 



part, for allegedly failing to meet the utility requirement. I am also aware that the Applicant has 
argued that a commercial sale of a mouse with a disrupted GALIR allele within the scope of the 
claimed subject matter ("GALIR gene knockout mouse") should satisfy the utility requirement. 

3. In support of the Applicant's aforementioned argument. I hereby state that I have 
reviewed Deltagen's internal sales records regarding the GALIR gene knockout mouse. 
According to these records, the GALIR gene knockout mouse has been sold to at least two (2) 
large pharmaceutical companies. The contractual terms by which the mice were transferred 
prohibit Deltagen from identifying the names of these companies. However, each of the four 
companies is ranked among the top 10 pharmaceutical companies worldwide (based on sales). 

4. It is my understanding, based on communications with our pharmaceutical 
company customers, that transgenic knockout mice obtained from Deltagen are used for studying 
gene function and for human therapeutic drug development. 

5. I further declare that all statements made herein of my own knowledge are true; 
and further that these statements were made with knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the 
above-referenced application or any patent issuing thereon. 

Robert Sriscoll, Ph.D, Reg. No. 47,536 
Date 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



I, John E. Burke, residing at 16357 E. Berry Avenue, Centennial CO 80015, hereby 
declare: 

1. I am currently, and have been since 1998, the Attorney of Record for the 
Applicant and Assignee, Deltagen, Inc. I am listed on the originally filed Power of Attorney for 
the present application. From December 1996 to December 1999, 1 was Of Counsel with the law 
firm of Pillsbury Madison & Sutro (currently Pillsbury Winthrop), where I represented Deltagen 
with respect to intellectual property matters, including patent matters relating to their transgenic 
mouse program. From December 1999 until December 2001, 1 served as Deltagen's Vice 
President of Intellectual Property, where I supervised Deltagen's internal patent department. All 
of the applications, including the present application, covering the 750 lines of mice in DeltaBase 
were drafted by Deltagen's patent department. From December 2001 until April 2003, 1 served 
as Deltagen's Senior Vice President and General Counsel. From April 2003 through April 2005, 
I was a partner with the Denver office of Merchant & Gould, where I continued to represent 
Deltagen with regard to intellectual matters, including patent matters. I am presently employed 
as a Shareholder with the Denver office of the law firm of Greenberg Traurig, where I am 



Sir: 



responsible for prosecution of Deltagens's patent portfolio relating to their transgenic mice 
program, including the present application. 

2. I am familiar with the present application. I am familiar with the Office Action 
mailed January 24, 2005. I am aware that the Examiner has rejected the claims, in part, for 
allegedly failing to meet the enablement requirement. I am aware that the Examiner argues on 
page 15 of the Office Action that "different inbred mouse strains react significantly differently to 
the hotplate test, and that the resulting phenotype of these knockout mice is neither considered 
routine nor predictable. Furthermore, the specification does not teach that the control with which 
the claimed mice were compared to were strain matched." 

3. I hereby declare that, as evidenced by the attached Exhibit, the subject matter of 
the present application, limulus clotting factor protease-like gene knockout mice, were in fact 
compared with control mice of identical background. 

4. I hereby declare that the claimed limulus clotting factor protease-like gene 
knockout mouse has been extensively analyzed using the tests set forth in the Examples. This 
data has been incorporated into Deltagen's commercial database product, DeltaBase. This 
database has been subscribed to by at least three of the world's largest pharmaceutical 
companies, Merck, Pfizer and GSK. 

5. I hereby declare that I have accessed Deltagen's internal web-based DeltaBase 
database to review the data derived from analyses of the claimed mice. I hereby declare that the 
attached Exhibit contains three (3) pages, each representing a screen printout from DeltaBase. 
The first page is the Behavior Summary page summarizing changes relating to genotype 
associated with Gene 387, as prepared by Deltagen's pathology group. As noted at the top of the 
page, Gene 387 corresponds to limulus clotting factor protease-like gene knockout mice. As 
noted, the homozygous mice showed a statistically significant decrease in their response to the 
hot-plate test, relative to wild-type controls. The page further notes that for the behavioral tests, 
10 homozygous mutant males were compared with 10 wild-type controls males. The page 
further describes how 129/OlaHsd x C57BL/6 F2N1 mice were produced. The table on the right 
side of the page provides the background of each of the homozygous (-/-) and wild-type control 



mice (+/+) used in the comparative tests. As is shown in the table, the transgenic mice (-/-) and 
control mice (+/+) are of identical F2N1 background (129/OlaHsd x C57BL/6). 

6. The second page shows the raw data derived from the comparative hot-plate tests 
for Gene 387. The gene number, 387, is indicated in column 1 . The ES cell line is indicated in 
column 2. As can be seen, each mouse was derived from the same ES cell line, 937. Columns 3 
and 4 indicate the generation and background. As can be seen, each mouse is of identical 
background, F2N1. As can also be seen, each mouse tested is of the same age and gender. 
Column 13 shows the date on which the data was recorded. All of the data corresponding to the 
F2N1 mice was entered in August and September of 2000. 

7. The third page of the Exhibit shows the average and standard deviation of the hot- 
plate test for Gene 387. As shown, the statistical analyses for the hot plate test was based on 
nine (9) controls and ten (10) transgenic mice. 

8. In summary, the attached Exhibits show that the transgenic mice were compared 
with control mice of identical background. The phenotypes were based on a comparison with 
age, gender and strain matched control mice. 

9. I further declare that all statements made herein of my own knowledge are true; 
and further that these statements were made with knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the 
above-referenced application or any patent issuing thereon. 
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Gene: 387 Name: unknown protease Family: Protease Subfamily: Serine Protease Alternative Names 
Nucleotide Sequence Accession: BC031841 GI: 21619441 External Links: [ Select External Database |Fl 
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Gene 387 
Behavior 

Changes related to genotype: 

• Homozygous mutant animals showed a 
statistically significant decrease in their response 
latency to the hot plate test, relative to wild-type 
animals, 

• Homozygous mutants displayed a trend towards 
a decreased response threshold to metrazoL 

Homozygous mutant and wild-type control mice 
were evaluated for phenotypic changes by testing 
on six behavioral tasks: Open field test, Tail 
suspension test, Rotarod test, Hot plate test, 
Startle/ PPI, and Metrazol test. 

Mouse ID numbers are as follows: 

10 homozygous mutant males (71793, 71794, 
74033, 74037, 74038, 74039, 74040, 74041, 74055, 
83618) 

10 wild-type control males (71791, 71792, 74034, 
74035, 74053, 74072, 83617, 83620, 85632, 85634) 

ES cells derived from the 129/OlaHsd mouse 
substrain were used to generate chimeric mice. 
F1 mice were generated by breeding with 
C57BL/6 females. The resultant F1N0 
heterozygotes were backcrossed to C57BL/6 mice 
to generate F1N1 heterozygotes. F2N1 
homozygous mutant mice were produced by 
intercrossing F1N1 heterozygous males and 
females. 

Behavior Findings: 

When compared to age- and gender-matched 
wild-type control mice, homozygous mutant 
animals were significantly different from wild- 
types in their response to the hot plate test. 
Mutant animals showed a statistically significant 
decrease in the amount of time to lick their 
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